
Attorney's Docket No.: 06275-150003 / D 1841-3PUS 

BEST AVAILABLE COPY 

UNITED STATES PATENT AND TRADEMARK OFFICE 



Appellants : Carl- Axel Bauer et al Art Unit : 1617 

Serial No. : 10/010,283 Examiner : Jennifer M. Kim 

Filed : November 13, 2001 Conf. No. : 5064 

Title : NEW USE FOR BUDESONIDE AND FORMOTEROL 

Mail Stop Appeal Brief - Patents 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

BRIEF ON APPEAL 

Appellants are appealing the final rejection of claims 9, 11-17, and 21-58 in the Office 
Action dated June 15, 2006, and the Advisory Action dated December 4, 2006. A Notice of 
Appeal was filed and received by the U.S. Patent and Trademark Office on November 15, 2006. 
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There are no prior or pending related appeals, judicial proceedings, or interferences 
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(iii) Status of Claims 

Claims 1-8, 10, and 18-20 are canceled. 

Claims 9, 1 1-17, and 21-58 are rejected and under appeal. 
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submitted herewith. 
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(v) Summary of Claimed Subject Matter 

The claims are directed to methods of treating chronic obstructive pulmonary disease 
(COPD). Claims 9, 41, 52, 56, 57 and 58 are the independent claims. 

Independent claim 9 is directed to a method for reducing the frequency and/or intensity 
of COPD exacerbations experienced by a patient suffering from COPD. The method includes 
administering to the patient via inhalation (i) a first active ingredient which is formoterol, a 
pharmaceutically acceptable salt or solvate thereof, or a solvate of such a sah; and (ii) a second 
active ingredient which is budesonide, wherein the method is effective to reduce the frequency 
and/or intensity of exacerbations in the patient, the first and second active ingredients are 
administered simultaneously, and the molar ratio of (a) formoterol in the first active ingredient to 
(b) the second active ingredient is from 1 :555 to 2:1 . Support for independent claim 9 can be 
found, e.g., at page 2, lines 1-25; and page 3, lines 12-16 and 30-31. 

Independent claim 41 is directed to a method for the treatment of a patient suffering 
from COPD including administering to the patient via inhalation (i) a daily dose of a first active 
ingredient that is formoterol, a pharmaceutically acceptable salt or solvate thereof, or a solvate of 
such a salt, and (ii) a daily dose of a second active ingredient that is budesonide. The daily dose 
of the first active ingredient delivers 2 to 120 nmol of formoterol to the patient, and the daily 
dose of the second active ingredient delivers 45 to 2200 fxg of budesonide to the patient. The 
first active ingredient, which may be separate from or in admixture with the second active 
ingredient, is administered simultaneously with the second active ingredient, and the daily dose 
of each active ingredient is administered in one to four divided doses per day. Support for 
independent claim 41 can be found, e.g., at page 3, lines 12-16; page 4, lines 4-7 and 23-25; and 
page 5, lines 1-4. 

Independent claim 52 is directed to a method for treating a patient suffering from COPD 
including administering to the patient, via inhalation from a pMDI (pressurized metered dose 
inhaler), a composition comprising (i) a first active ingredient that is formoterol, a 
pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt; (ii) a second active 
ingredient that is budesonide; and (iii) propellant P227. The molar ratio of (a) formoterol in the 
first active ingredient to (b) the second active ingredient is from 1 :70 to 1 :4. Support for 
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independent claim 52 can be found, e.g., at page 2, lines 17-25; page 3, lines 12-15; page 4, 
lines 1-2; and page 6, lines 1-5 and 11-12. 

Independent claim 56 is directed to a method for the treatment of a patient suffering 
from COPD including administering formoterol fumarate dihydrate and budesonide to the patient 
via inhalation. The formoterol fumarate dihydrate and budesonide are administered 
simultaneously and optionally in admixture; the amount of formoterol fumarate dihydrate 
inhaled by the patient is 18 per day; and the amount of budesonide inhaled by the patient is 
640 fig per day. Support for independent claim 56 can be found, e.g., at page 2, lines 17-25; 
page 3, lines 12-15; and page 5, lines 4-7. 

Independent claim 57 is directed to a method for the treatment of a patient suffering 
from COPD including administering to the patient via inhalation (i) a daily dose of a first active 
ingredient that is formoterol, a pharmaceutically acceptable salt or solvate thereof, or a solvate of 
such a salt, and (ii) a daily dose of a second active ingredient that is budesonide. The daily dose 
of the first active ingredient delivers an amount of formoterol to the patient per day that is 
equivalent to the amount delivered when 1 8 /xg of formoterol fumarate dihydrate per day is 
delivered to the patient. The daily dose of the second active ingredient delivers 640 /zg of 
budesonide to the patient per day. The first active ingredient is optionally in admixture with the 
second active ingredient, and the two active ingredients are administered simultaneously. 
Support for independent claim 57 can be found, e.g., at page 2, lines 17-25; page 3, lines 12-15; 
and page 5, lines 4-7. 

Independent claim 58 is directed to a method for the treatment of a patient suffering 
from COPD including administering formoterol fumarate dihydrate and budesonide to the patient 
via inhalation. The formoterol fumarate dihydrate and budesonide are administered 
simultaneously, and optionally in admixture, in one to four unit doses per day; the amount of 
formoterol fumarate dihydrate delivered to the patient by each unit dose of formoterol fumarate 
dihydrate is 4.5 |ig; and the amount of budesonide delivered to the patient by each unit dose of 
budesonide is 160 |ig. Support for independent claim 58 can be found, e.g., at page 2, lines 1 7- 
25; page 3, lines 12-15; and page 4, lines 23-25. 
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(vi) Grounds of Rejection to be Reviewed on Appeal 

Whether claims 9, 1 1-17, and 21-58 are unpatentable under 35 U.S.C. § 103(a) as being 
obvious over Carling et al. (WO 93/1 1 773) in view of Cazzola et al ("Effect of Salmeterol and 
Formoterol in Patients with Chronic Obstructive Pulmonary Disease" Pulmonary Pharmacology 
7:103-107, 1994) and Renkema et al ("Effects of Long-term Treatment with Corticosteroids in 
COPD" Chest 109:1 156-1 162, 1996) and further in view of Giardina et al (U.S. Patent 
No. 6,227,862 Bl). 

(vii) Argument 

Rejection under 35 U.S.C. § 103(a) over Carling et al in view of Cazzola et al and 
Renkema et al and further in view of Giardina et al 

The present claims are drawn to methods of treating chronic pulmonary obstructive 
disease (COPD). Prior to addressing the grovmds for rejection, Appellants believe it may be 
useful to explain some of the characteristics of this disease. COPD is a chronic and progressive 
disease of the airways typically seen in long-term cigarette smokers. It involves both 
emphysema (a lung condition in which the air sacs are permanently damaged, leading to loss of 
lung surface and elasticity, thereby impairing the gas exchange capacity of the lungs and the 
patient's ability to exhale) and chronic bronchitis (a persistent inflammation of the air passages 
characterized by excessive production of mucus). COPD patients exhibit chronic symptoms 
such as cough, shortness of breath ("dyspnea"), chest tightening, excessive sputum, wheezing, 
and impaired physical capacity. A common measure of the severity of the disease is the 
patient's "forced expiratory volume in one second," or FEVl, often expressed in comparison 
with the FEVl that would be predicted for a healthy person of the same age and size. FEVl is 
determined by measuring the volume of air that the patient can forcibly exhale in one second. A 
COPD patient having FEVl > 80% of predicted FEVl is categorized as having mild COPD, 
while a patient having 50 % < FEVK 80 % of predicted FEVl is categorized as having 
moderate COPD, and a patient having 30 % < FEVl < 50 % of predicted FEVl is categorized as 
having severe COPD. A patient whose FEVl is < 30 % predicted, or <50% predicted and 
accompanied by chronic respiratory failure, is categorized as having very severe COPD. See, 
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e.g., page 7, Figures 1-2, of "GOLD: Global Initiative for Chronic Obstructive Lung disease; 
Global Strategy for the Diagnosis, Management, and prevention of Chronic Obstructive 
Pulmonary Disease," based on April 1998 NHLBIAVHO Workshop, pages MOO (2004 update); 
page 7 is included as Item 1 in the Evidence Appendix. This chronic impairment in lung 
function worsens over time, and can be increasingly debilitating, leaving the patient less and less 
able to carry out a normal daily routine. In addition, the more severely affected patients 
occasionally experience acute exacerbations of their COPD symptoms in which their clinical 
status deteriorates markedly over a short time (typically 10-15 days), to the point that they 
become bedridden or even require hospitalization. Repeated exacerbations will accelerate the 
decline in lung function and health status. These crisis episodes cause extreme distress to the 
patient (the exacerbation episodes have been likened to a feeling of "drowning"), and can be 
fatal. In fact, COPD is currently ranked as the fourth most common cause of death throughout 
the world. 

Appellants have xmexpectedly found that treating a COPD patient with a combination of 
formoterol for a salt or solvate thereof, or a solvate of such a salt) plus budesonide can reduce the 
frequency and/or intensity of exacerbations, as well as improve the patient's lung function 
(measured by FEVl) more effectively than either of the agents alone. This represents a dramatic 
step forward in the treatment of this difficult disease. 

The pending claims are rejected under 35 U.S.C. § 103(a) as allegedly being unpatentably 
obvious over Carling et al in view of Cazzola et al. and Renkema et al and further in view of 
Giardina et al 

Analysis and determination of obviousness under § 103(a) requires determination of the 
scope and content of the prior art, differences between the prior art and the claims in issue, and 
the level of ordinary skill in the pertinent art. Graham v. John Deere , 383 U.S. 1, 17 (1966). To 
establish a prima facie case of obviousness, three basic criteria must be met. First, there must by 
some suggestion or motivation, either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference teachings. Second, there 
must be a reasonable expectation of success, and third, the prior art references when combined 
must teach or suggest all the claim limitations. MPEP 2143. Furthermore, when applying 
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§ 103(a), the following tenets of patent law must be adhered to: (A) the claimed invention must 

be considered as a whole; (B) the references must be considered as a whole and must suggest the 

desirability and thus the obviousness of making the combination; (C) the references must be 

viewed without the benefit of impermissible hindsight vision afforded by the claimed invention; 

and (D) a reasonable expectation of success is the standard with which obviousness is 

determined. MPEP 2141(11), citing Hodosh v. Block Drug Co,, Inc., 786 F.2d 1 136, 1 143 n,5, 

229 USPQ 182, 187 n.5 (Fed. Cir. 1986). Also, objective evidence of considerations such as 

unexpected results and skepticism of experts is relevant to the issue of obviousness and must be 

considered in every case in which it is present. When evidence of any of these considerations is 

submitted, the examiner must evaluate the evidence. MPEP 2141 (III). The ultimate 

determination on patentabiHty is made on the entire record. MPEP 2141 (III), citing In re 

Oetiker, 977 F.2d 1443, 1446, 24 USPQ2d 1443, 1445 (Fed. Cir. 1992). 

The Examiner summarized her basis for the rejection of the claims under 35 U.S.C. 

§ 103(a) in the Final Office Action dated June 15, 2006 (hereinafter "the June 15, 2006, Office 

Action"). In the June 15, 2006, Office Action, at page 4, the Examiner stated that Carling et al 

"teach a medicament containing effective amounts of formoterol and budesonide in combination 

for simultaneous, sequential or separate administration by inhalation in treatment of respiratory 

disorder. . The Examiner, however, conceded that Carling et al does not expressly teach the 

treatment of COPD. June 15, 2006, Office Action at page 5. According to the Examiner, 

Cazzola et al teaches that formoterol is effective in patients with COPD; Renkema teaches that 

treatment with corticosteroids (/.e., budesonide) significantly reduced pulmonary symptoms in 

patients with COPD; and Giardina et al reports that COPD and asthma are respiratory disorders. 

Id. The Examiner concluded that it would have been obvious to use Carling' s medicament in 

reducing the frequency and/or intensity of COPD since COPD is a well- 
known respiratory disease as disclosed by Giardina et al, and Giardina et 
al. teach that the combination is useful for the treatment of respiratory 
disorders ^ . .One of ordinary skill in the art would have been motivated to 
employ Carling' s medicament in reducing the severity or intensity or 



^ The statement that "Giardina et al teach that the combination is useful for the treatment of respiratory disorders" 
is plainly not true, as Giardina et al. teach nothing at all about the presently claimed combination. Since nowhere 
else does the Examiner make such an assertion about Giardina et al. Appellants assume that the Examiner meant to 
refer here to Carling instead of Giardina et al Appellants' arguments are based on that assumption. 
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frequency of having COPD with reasonable expectation of success since 
each of the active agents utiUzed in Carling's medicament are well 
known individually for effectively treating. . .COPD. Absent any 
evidence to the contrary, there would have been a reasonable expectation 
of successfully treating COPD by employing Carling's formulation. . . 
June 15, 2006, Office Action at pages 5-6. 



Appellants disagree with the Examiner's characterization of the prior art. As elaborated 
below, Appellants maintain that Carling et al. teaches a combination of budesonide and 
formoterol solely for the treatment of asthma and disorders like asthma, i.e.. disorders that are 
bronchospastic in nature . The teachings of the prior art provide no guidance that would lead one 
of ordinary skill in the art to expect that a combination therapy of budesonide and formoterol 
could be used to treat COPD with any reasonable expectation of success, and in fact teach away 
from such a therapy. 

Appellants traverse the rejection on a number of grounds, including the following: 

1 . The references do not provide either the motivation or the expectation of success 
necessary to make a prima facie case of obviousness; 

2. The prior art as a whole actually teaches away from the claimed methods; 

3. The surprising results observed by Appellants are cogent, objective evidence that the 
claimed methods cannot be deemed obvious; and 

4. Even years after the present application's priority filing date (September 19, 1997), 
experts in the field of respiratory therapy continued to express doubt that budesonide (whether 
alone or in the claimed combination therapy) would be usefiil for treating COPD. 

Each of these points is addressed in turn below. Appellants begin by presenting 
arguments that apply to all of the pending claims, and then discuss fiirther arguments that apply 
to particular sub-groupings of claims. 

1 . No motivation nor expectation of success 

The primary reference is Carling, cited for its disclosure of use of a budesonide/ 
formoterol combination for treatment of what Carling describes as "respiratory disorders such as 
asthma." Carling at page 1, lines 12-13. The Examiner acknowledges that Carling did not 
mention treatment of COPD in particular, but argues that, because COPD is known to be a 
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respiratory disorder (citing Giardina et al\ one of ordinary skill would have interpreted 

Carling's mention of "respiratory disorders" to encompass COPD. See, e.g., the Office Action 

dated May 4, 2005, at page 6 ("the May 4, 2005, Office Action"). Since there is no more reason 

to read Carling's term as encompassing COPD than as encompassing any other randomly 

selected respiratory disorder, the Office action is essentially saying that Carting teaches use of 

the budesonide/ formoterol composition for treatment of all conditions that have ever been 

classified by anyone as "respiratory disorders." This cannot be a reasonable interpretation of 

Carling. In view of the wide variety of unrelated conditions that can be classified as respiratory 

disorders (including, for example, such varied conditions as cough, pulmonary vascular 

hypertension [a condition that affects pulmonary blood vessels, not the airways], lung cancer, 

cystic fibrosis and tuberculosis), reading Carling as teaching that one mode of treatment will 

work for all respiratory disorders is contrary to common sense. Appellants have presented a 

multitude of evidence that those of skill in the art understand asthma and COPD to be 

fimdamentally different diseases, with different causes and different treatments. For example, 

the editorial by K.F. Rabe {Eur. Respir J. 22:874-875, 2003; Item 2 in the Evidence Appendix) 

shows that, even in 2003, long after the present application 's priority date (September 19, 1997), 

an expert in the field of respiratory disease repeatedly asserted that COPD and asthma are 

fundamentally different diseases that are unlikely to be successfiiUy treated the same way. At 

page 874, left column, the author noted: 

We have all witnessed the heated discussions around inhaled steroids in 
COPD and have seen and read the data that confirm that asthma and COPD 
are completely different diseases, clinically and biologically... .[Were] we all 
wrong, does this mean we no longer need to differentiate between asthma and 
COPD since the treatment will be the same in the end? 

Dr. Rabe later emphasizes that "these two diseases. . .are fundamentallv different in the vast 
majority of patients." Rabe at page 875, left column (emphasis added). 

In the June 15, 2006, Office Action, the Examiner cited, inter alia, the 16* Edition Merck 
Manual (1992) ("the 1992 Merck Manual"; Item 3 in the Evidence Appendix) for its teaching of 
the interrelationship between COPD and asthma. Appellants believe the Examiner has 
misinterpreted the teachings of the 1992 Merck Manual, as it actually distinguishes between 
asthma and COPD by pointing out that the two conditions are quite different and are treated in 
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different ways. For example, at page 659, the 1992 Merck Manual states that "most 
asthmatics... have a disease that is almost totally reversible and should not be confused with 
COPD." Also at page 659, the 1992 Merck Manual states that "whenever possible, persons 
with chronic asthmatic bronchitis should be distinguished from those with a primarily 
emphysematous type of COPD since the course, prognosis, and response to therapy are 
distinctly different" "Asthma" /7er5e (as opposed to "chronic asthmatic bronchitis") is 
addressed under its own heading in a different part of the 1992 Merck Manual (at pages 646- 
657), so is even more clearly differentiated from COPD. 

Other teachings in the art before the 1997 priority date of the appUcation also distinguish 
between asthma and COPD. Renkema (1996), for example, states at page 1 156, colunm 1 : 
"The beneficial influence of oral and inhaled corticosteroids is well established in patients 
with asthma. In contrast, their effectiveness in patients with COPD is controversial, 
especially during a stable phase of the disease." Renkema also recognizes that it is important 
for their study to distinguish COPD patients from asthma patients, stating "to assess the 
effectiveness of these drugs in patients with COPD, it is... essential to exclude patients with 
asthma." Renkema at page 1 160, colunm 2. Renkema explains, "There is general agreement 
that the inflammatory processes involved in the pathogenesis of the two disease entities are 
different in nature, and it is not inconceivable that the inflammatory processes in COPD 
are less sensitive to the anti-inflammatory action of corticosteroids." Id- at page 1 161, 
column 2. There is no question that at the filing date of the application, asthma and COPD were 
recognized as distinct disorders with different causes and different treatments. 

In view of the above. Appellants maintain that Carling's use of the term "respiratory 
disorders" should be read in the context in which one of ordinary skill in the art in 1997 would 
have read it: /.e., to encompass disorders that are bronchospastic in nature, similar to asthma. It 
does not make any sense to read the term so as to sweep in all respiratory diseases, even those 
quite different from asthma. A Declaration by Jan Trofast, submitted March 1, 2004, 
(hereinafter, the "2004 Trofast Declaration"; Item 4 in the Evidence Appendix) also includes 
statements to this effect. In the May 4, 2005, Office Action, responding to these arguments and 
the statements in the Declaration, the Examiner merely reiterated that, because Giardina et al. (a 
reference with no relevance to the presently claimed invention) classified COPD as a 
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"respiratory disorder," the 2004 Trofast Declaration was "not persuasive." Appellants maintain 
that one must interpret the language of the Carling reference in a way that is internally 
consistent, and not distort it beyond what Carling could possibly have meant, simply to serve the 
purpose of making out the elements of an obviousness rejection. The 2004 Trofast Declaration 
makes it clear that, in the context of the Carling reference, the term "respiratory disorders such as 
asthma" means not ALL respiratory disorders, but rather those respiratory disorders similar to 
asthma, i,e.. mainly of bronchospastic nature . This would not include COPD. This is entirely 
consistent with the other evidence of record. The Examiner has offered no reason to justify an 
interpretation broader than Appellants', other than the fact that a broader interpretation can be 
found in an unrelated reference on a completely different topic. Since all of the claims are 
limited to treatment of COPD, none can be said to be obvious in view of Carling' s mention of 
"respiratory disorders." 

In farther support of the rejection, the Examiner argues that Cazzola et al teaches that 
formoterol alone "is effective in patients with COPD" and that Renkema teaches that budesonide 
alone "significantly reduced pulmonary symptoms in COPD patients." Appellants maintain that 
the prior art, when taken as a whole, provided neither motivation nor expectation of success 
regarding use of budesonide for treatment of COPD. Appellants' arguments in support of this 
position are developed in the following section 2, which discusses how the art, when taken as a 
whole, actually teaches away fi-om the presently claimed methods. If the art teaches away fi-om a 
particular method, clearly it can provide to the skilled reader neither motivation to try nor 
expectation of success if one were to try. 

2. Teaching away 

That the art, taken as a whole, actually taught away firom any use of budesonide (alone or 
in combination with another drug) to treat COPD can be seen fi-om a carefial consideration of 
what the art of record actually teaches. First, the evidence available at the present application's 
priority date established that short-term use of budesonide alone (at any dosage) would not 
provide any benefit in the treatment of COPD. Renkema himself notes this in the first paragraph 
on page 1 156. Thus, the art teaches away from such short-term use of budesonide, 
regardless of the dose. Second, Renkema's long-term trials of budesonide treatment, which 
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employed a relatively high dose of 1600 ue budesonide per day, demonstrated what Renkema 
characterized as "limited" beneficial effects in COPD patients. Renkema at page 1 161, column 
2, last paragraph. Renkema' s modest results rule out any reason to attempt trials with lower 
doses of budesonide; indeed, Renkema himself states, "It may be that still higher doses of 
corticosteroids are needed in patients with COPD." Id at page 1 161, column 2, second 
paragraph. This can be taken as a teaching-away from use of anything less than 1600 )ag 
budesonide per day. Since Renkema teaches away from using lower doses at all, and teaches 
away from short term use of budesonide at any dose, this leaves only the question of whether it 
would have been obvious to try using high doses of at least 1600 |ug budesonide (combined with 
formoterol) for long term treatment. 

In view of other art of record, this plainly would not be the case. 

Smeenk et aL Nederlands Tijdschrift voor Geneeskunde 140:94-98, 1996 ("Smeenk"; 

Item 5 in the Evidence Appendix) suggests that the long-term use of a daily dose of 1600 \ig 

budesonide is not associated with a positive benefit/risk ratio. This reference reports that 800- 

1600 ^ig budesonide per day is associated with an unexpectedly high rate of opportimistic lung 

infections in COPD patients. According to the authors, 

Inhalation corticosteroids are of great importance in the treatment of asthmatic 
patients. Their place in the treatment of patients with COPD is much less 
clear. . . .The high dosages of inhalation corticosteroids may have been 
involved in the cause of these infections by suppressing the T-cell response 
locally. In view of this, longterm inhalation corticosteroid treatment should 
be prescribed in COPD patients only if the efficacy of the medication has been 
proved in the individual patient involved. 

This teaching that inhaled corticosteroids (particularly in doses above 800 ^g per day) are of 
uncertain benefit in COPD patients and are associated with an unexpectedly high rate of 
opportunistic lung infections, and that long term inhaled corticosteroid treatment should be 
prescribed only in limited situations, is plainly a teaching-away from long term treatment of 
COPD patients with high doses of corticosteroids in general, and budesonide in particular. 
This teaching-away tempers any reading of Renkema that would suggest high-dose budesonide 
(/.e., over 1600 \xg per day) has possible benefits in COPD. One of ordinary skill in the art, 
reading both Renkema and Smeenk, would come away with the understanding that (1) if 
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budesonide has any role in treatment of COPD, it would be only if it were used in large doses (at 
least 1600 ^ig per day) over a long term , but (2) unfortunately such use would carry a risk of 
pulmonary infection due to immunosuppression that in most cases would outweigh any benefit to 
the patient. There is certainly no incentive derivable from these references to investigate use in 
COPD patients of a combination treatment involving budesonide and a second active ingredient, 
particularly since such a combination treatment would make it unclear what benefits (if any) the 
patient might be deriving from the budesonide part of the combination to counterbalance the very 
real risks of taking large doses of corticosteroids long term. In sum, the art teaches away from 
use of budesonide (either alone or in combination with a second active ingredient) for the 
short- or long-term treatment of COPD, whether at low doses (which Renkema suggests 
won't be of any value) or high (which Smeenk teaches increase the risk of infections while 
providing no clear benefit), leaving no dose of budesonide that the art would consider 
adequately effective to justify the risk. Accordingly, all of the claims — even those that do not 
specify a particular dose of budesonide — are nonobvious in view of the art, taken as a whole. 

3 , Surprising results 

As still another basis for withdrawal of the rejection of the claims, Appellants note the 
extensive evidence of surprising results of record in this case, evidence that the Examiner 
continues to dismiss for reasons that are presently unclear, but at one point were stated as being 
because "AppUcants' claims are not drawn to alleged synergism." May 4, 2005, Office Action at 
page 7. If that remains at least part of the rationale, Appellants note that U.S. law does not 
require that claims be "drawn to synergism" in order for surprising results to be taken as 
conclusive evidence of nonobviousness. See, for example, Knoll Pharmaceutical Companv, Inc. 
V. Teva Pharmaceuticals USA, Inc.. 367 F.3d 1381 (Fed. Cir. 2004) and In re Chu , 66 F.3d 292 
(Fed. Cir, 1995), where the court held that evidence of surprising results must be considered and 
can be dispositive of nonobviousness even if the evidence is not disclosed in the specification as 
filed. (If the evidence need not be in the specification as filed, it certainly need not be recited in 
the claims.) 
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The Examiner's rationale for dismissing Appellants' evidence of unexpected results was 

stated somewhat differently on page 8 of the June 15, 2006, Office Action: 

With regard to argument 3), it is not persuasive because Applicants' data has 
been carefully reviewed and considered. However, the prior art Carlings et al. 
teach that the combination of formoterol and budesonide gives greater 
efficiency in treatment of respiratory disorders, (page 4, lines 3-10). 
Therefore, the teaching encompasses Applicant's data of having synergistic 
effect of either agent employed alone. Carhngs et al. teach same combination 
having same ratio for the greater efficiency of treating respiratory disorder 
which includes COPD. Therefore, the greater efficiency result of treating 
COPD is expected and taught by Carlings. {Nonstandard English and 
misspellings in the original) 

The portion of Carling cited in this passage actually says nothing about COPD; indeed, Carling 
never mentions this disorder, which (as Appellants established above) is quite different fi-om the 
sort of respiratory disorder one of ordinary skill in the art would have considered to be treatable 
in a manner similar to the condition that is taught by Carling: asthma. Furthermore, if the 
Examiner truly believes that the many, varied, and completely unexpected synergistic results 
submitted by Appellants in support of this application can be summed up as nothing more than 
the "greater efficiency" mentioned by Carling, she is urged to again review Appellants' data. 
Such evidence was submitted, e.g., in a declaration by Jan Trofast submitted April 25, 2002 ("the 
2002 Trofast Declaration"; Item 6 in the Evidence Appendix) and a declaration by Christer 
Hultquist submitted December 13, 2002 (Item 7 in the Evidence Appendix), each describing the 
results of clinical trials demonstrating unexpectedly better results with the presently claimed 
combination treatment, compared to treatment of COPD with either budesonide or formoterol 
alone. Another declaration of Jan Trofast (the "2005 Trofast Declaration"; Item 8 in the 
Evidence Appendix) was submitted November 4, 2005. 

Below, Appellants briefly summarize the data presented with the 2005 Trofast 
Declaration. The declaration itself and Calverley et al {Eur, Resp. J, 22:912-919, 2003; Item 9 
in the Evidence Appendix) provide a fuller description of the data than is given here, and should 
be read in conjunction with this summary. 

The graphs submitted as Appendices 1-9 with the 2005 Trofast Declaration (and attached 
to that Declaration in the Evidence Appendix) illustrate data collected from a placebo-controlled 
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12-month clinical trial that was performed using a combination of budesonide/formoterol 
fumarate dihydrate (imder the product name Symbicort®) in the treatment of moderate to severe 
COPD. (Formoterol is the biologically active moiety in formoterol fumarate dihydrate (FFD).) 
Before randomization, 1022 patients were treated in a 2 week initial run-in period with oral 
prednisolone (30 mg once daily), inhaled FFD (Oxis(g); 2 puffs twice per day, each puff 
delivering 4.5 /ig FFD to the patient from a metered dose^ of 6.0 fxg FFD), and terbutaline as 
needed (Bricanyl®; 0.5 mg by inhalation). The patients had the following profile: 
Age > 40 years 

COPD diagnosis since at least 2 years prior to the study 
At least 10 pack years smoking history^ 

Documented use of inhaled bronchodilators as a quick relief medicine 
At least one severe COPD exacerbation within 2-12 months of entry 
FEVi < 50% predicted normal, pre-bronchodilator 
FEViA^C < 70% pre-bronchodilator 

(FEVi = Forced Expiratory Volume within 1 second, VC = vital capacity) 

All of the following medications and the placebo were delivered from a Turbuhaler® 
inhaler. The patients were randomized into four groups and treated as follows: 

Group 1 : Budesonide/FFD combination (Symbicort®; 2 puffs twice per day, each puff 
delivering 160 ^g budesonide/4.5 /xg FFD to the patient (corresponding to a metered dose of 
200 /ig budesonide and 6.0 ^g FFD for the monoproducts)) 

Group 2: Budesonide alone (Pulmicort®; 2 puffs twice per day, each puff delivering 
160 fi% budesonide to the patient from a metered dose of 200 ^g budesonide) 



^ A "metered dose" is the amount of product that is positioned in the inhaler for delivery to the patient with each 
puff. Not all of the metered dose is delivered to the patient; some product will stick to the sides of the inhaler, or 
will otherwise remain in the inhaler. A "delivered dose" is the amount of product that exits the inhaler. This 
amount is less than the metered dose. 

^ As understood in the art, "10 pack years" indicates that the individual smoked a pack a day for 10 years, or 2 packs 
a day for 5 years, etc. 
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Group 3: FFD alone (Oxis®; 2 puffs twice per day, each puff delivering 4.5 /xg FFD to 
the patient from a metered dose of 6.0 jtig FFD) 

Group 4: Inhaled placebo composition (2 puffs, twice daily, no active ingredients) 



The patients were studied for 12 months, with various measures of COPD symptoms 
being regularly recorded. The results of this study suggest that the combination of budesonide 
and FFD {i,e„ formoterol) produces quite pronounced synergistic effects by several different 
measures. 

First, as shown in the graph titled "Symbicort reduces the risk of first exacerbation 
requiring medical intervention"^ (Appendix 1 attached to the 2005 Trofast Declaration), the 
hazard rate was reduced (compared to placebo) by 28.5 % in patients treated with the 
budesonide/FFD combination. The corresponding reduction for patients treated with budesonide 
alone was 7.5 %, while FFD alone actually produced an increase (compared to placebo) of 
1.5 %. A merely additive effect would have produced a 6.0 % reduction^. Thus, it is clear that 
the combination product produced a synergistic effect. 

Second, the graph titled "Symbicort reduces the number of severe exacerbations/patient/ 
year" (Appendix 2 attached to the 2005 Trofast Declaration) also strongly implies a synergistic 
effect of the budesonide/FFD combination therapy. As compared to treatment with placebo, 
treatment with FFD alone actually increased the number of exacerbations per patient per year 
slightly (+3%), while treatment with budesonide alone decreased the number of exacerbations 
per patient per year by 12%. Patients treated with the budesonide/FFD combination, 
however, exhibited a 24% reduction in exacerbations. This result demonstrates a synergistic 
effect, as the 24% reduction is much greater than the 9% reduction expected if the effect of the 
combination therapy were merely additive. 

^ Severe exacerbations were considered to be exacerbations requiring medical intervention, /.e., administration of 
antibiotics and/or oral steroids, and/or hospitalization due to respiratory symptoms. 

^ In order to assure the stability of the first order approximation used above to assess the additive effects, a fully 
elaborated approach is also presented. By treating these data in a multiplicative way (the model being relative), the 
additive effect of budesonide and formoterol is = 100 - (100-7.5)*(100-M.5)/100 = 6.1 % and the combination 
(Symbicort®) over this is = 100 - 100*100*(100-28.5)/((100-7,5)*(100+1.5)) = 23.8 %. Note that this effect is even 
greater than suggested above (= 28.5-6.0 = 22.5 %), showing that calculation on the additive scale gives a 
conservative estimate. 
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Third, a synergistic effect was also indicated in the patients' need for oral steroids during 
the course of the study, as shown in the graph titled "Symbicort reduces need for oral steroids" 
(Appendix 3 attached to the 2005 Trofast Declaration). Treatment with budesonide alone 
reduced the hazard rate of time to first oral steroid use by 14% compared to placebo, and 
treatment with FFD alone reduced the hazard rate by 13% as compared to placebo. In contrast, 
treatment with the budesonide/FFD combination reduced the hazard rate of time to first 
oral steroid by 42.3% versus placebo. This is far better than the 27% reduction that would 
have been expected fi-om an additive effect of the individual budesonide and FFD components. 

Fourth, a synergistic effect was also observed in the effect on night awakenings, as 
shown in the graph titled "Symbicort increases nights without awakenings" (Appendix 4 attached 
to the 2005 Trofast Declaration). Treatment with either budesonide alone or FFD alone resulted 
in an adjusted mean change in awakenings-fi-ee nights of +3.7 % (compared to placebo). If 
budesonide and FFD in combination had a merely additive effect on the change in awakenings- 
fi-ee nights, the adjusted mean change of the combination therapy (compared to placebo) would 
be expected to be +7.4 %. However, treatment with the combination therapy resulted in an 
adjusted mean change in awakenings-free nights (compared to placebo) of +9.2 %, much 
greater than the calculated additive effect of 7.4 %. 

Fifth, a synergistic effect was also indicated in the morning peak expiratory flow (PEF), 
as shown in the graph titled "Symbicort rapidly improves and maintains morning PEF" 
(Appendix 5 attached to the 2005 Trofast Declaration). The difference in adjusted mean change 
of moming PEF, as compared to placebo, was 3.5 L/min for the patients treated with budesonide 
alone, 11.1 L/min for those treated with FFD alone, and 18.3 L/min for the patients treated 
with the budesonide/FFD combination, i.e., 3.7 L/min higher than would be expected if the 
effect were merely additive. These data were presented previously in the declaration of Christer 
Hultquist, filed December 13, 2002 (as noted above, Item 7 in the Evidence Appendix), and 
supplement the data presented in Calverley et al at page 915, colunm 2 and in Figure 3(a) at 
page 916. 

Sixth, the graph titled "Symbicort rapidly improves and maintains evening PEF" 
(Appendix 6 attached to the 2005 Trofast Declaration) strongly implies a synergistic effect on the 
patients' evening peak expiratory volume (PEF). The difference in adjusted mean change of 
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evening PEF, as compared to the placebo, was 2.0 L/min for the patients treated with budesonide 
alone, 8.9 Lymin for those treated with FFD alone, and 14J L/min for the patients treated with 
the budesonide/FFD combination, i.e., 3.2 L/min higher than would be expected if the effect of 
the budesonide/FFD combination were merely additive. 

Seventh, the graph titled "Symbicort produces rapid and maintained improvement in lung 
function (FEVl)" (Appendix 7 attached to the 2005 Trofast Declaration) illustrates that FEVl 
decline was less severe in patients treated with a budesonide/FFD combination therapy than in 
those treated with either monotherapy. The combination therapy was 14% better than placebo in 
this regard while the monotherapies were only 8% and 2% better than placebo. Also, as 
illustrated by the graph titled "Symbicort improves health related quality of life, HRQL" 
(Appendix 8 attached to the 2005 Trofast Declaration), the mean change in total score on St. 
George's Respiratory Questionnaire (SGRQ) as compared to placebo was £7^, which was a 
greater improvement than that observed following treatment with budesonide alone (-3.0) or 
FFD alone (-4.1)^ 

Finally, as illustrated by the graph titled "Symbicort reduces discontinuations compared 
to other treatments" (Appendix 9 attached to the 2005 Trofast Declaration), fewer patients 
withdrew from the study when they received the budesonide/FFD combination therapy than 
when they received either of the monotherapies. These data supplement the data in Table 1 of 
Calverley et al at page 914, which reports that 71% of the patients originally enrolled in the 
study and who received treatment with the combination of budesonide and FFD completed the 
study. By comparison, only 59% of patients receiving placebo completed the study, 
approximately the same as those receiving FFD alone (56%) or budesonide alone (60%). The 
multiple beneficial effects described above may have contributed to the fact that fewer patients 
receiving the budesonide/FFD combination therapy withdrew from the study. 

Appellants submit that the above clinical evidence is proof, many times over, that the 
presently claimed methods produce results that could not have been predicted from anything in 
the art. Each of these separate observations of synergistic effects was unexpected and thus 
important evidence of nonobviousness. Under U.S. law, any objective indicia of 

^ A change of minus 4 points in the SGRQ represents a clinically important improvement in health related quality of 
life. The more negative the score, the better the quality of life. 
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non-obviousness, such as surprising results, must be taken into account when considering 
whether the claims are obvious over prior art. Though the Examiner claims to have duly 
considered the data, the fact that she found it "unpersuasive" merely because Carling mentions 
that the same combination of drugs, when used to treat asthma, has "greater efficiency" than the 
single drugs alone suggests that she did not seriously take the data into account. Carling 
provides no indication that one could expect the dramatic effects of record in the present case in 
relation to COPD. The Examiner simply makes the leap that the "synergism" that she reads into 
Carling appUes not only to treatment of asthma, but also to treatment of every other condition 
Giardina et al (an unrelated reference that the Examiner has apparently randomly selected even 
though it deals with unrelated subject matter) happens to characterize as a "respiratory 
disorder:' This leap is not justified by the facts. 

The court in In re Soni. 54 F.3d 746, 751 (Fed, Cir. 1995), stated that "when an appHcant 
demonstrates substantially improved results. . .and states that the results were unexpected, this 
should suffice to establish unexpected results in the absence o/ evidence to the contrary." 
(Emphasis in original). Appellants have presented such results and stated that they were 
unexpected. (See, e.g., the March 1, 2004, Trofast Declaration, Item 4 in the Evidence 
Appendix, in which Dr. Trofast described the results presented in Calveriey et al showing the 
effect of the combination of formoterol and budesonide to reduce the frequency of COPD 
exacerbations as "surprising given the low efficacy or ineffectiveness of treatment with 
either budesonide or formoterol alone." March 1, 2004, Trofast Declaration at page 5.) The 
Examiner has failed to provide any legitimate "evidence to the contrary," as required by In re 
Soni. Therefore, Appellants' evidence of unexpected results described in the Trofast 
declarations and the Hultquist declaration of record must be given due weight as cogent and 
persuasive evidence of nonobviousness. 

4. Skepticism of Experts 

As a final, independent ground for establishing the nonobviousness of the claimed 
methods, Appellants note the substantial evidence of record concerning skepticism of experts, 
one of the standard objective indicia of nonobviousness recognized under U.S. law (see, e.g., 
Graham v. John Deere, 383 U.S. 1 (1966)). For example, the above-cited editorial by K.F. Rabe 
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shows that though this expert was "happy to adopt" use of formoterol/budesonide combination 
therapy for treatment of asthma, he was skeptical that the combination could be generally 
useful in treatment of COPD, That the author could still be skeptical in 2003, following 
publication of two clinical trials disclosing the benefits of the combination therapy in COPD, 
suggests how entrenched the assumption was that these drugs (or at least budesonide) would 
have no value in treating COPD. Another post-filing date article (Vestbo et al. Lancet 
353:1819-1823, 1999; Item 10 in the Evidence Appendix) flatly states in the abstract, "Inhaled 
budesonide was of no clinical benefit in COPD patients recruited from the general 
population by screening. We question the role of long-term inhaled corticosteroids in the 
treatment of mild to moderate COPD." It is clear from such post-filing date evidence that the 
art was skeptical that budesonide alone or in the claimed combination therapy was of any value 
in treating COPD, even years after Appellants' priority date. The Examiner has not explained 
why something about which the experts in the art were clearly skeptical would have been 
"obvious" to everyone else. 

In summary, Appellants have established 

1 . that the cited art provided neither motivation to carry out the claimed methods, 
nor expectation of success upon doing so; 

2. that the art actually taught away from the claimed methods; 

3. that administration of the claimed combination produces unexpected and 
synergistic results; and 

4. that the bias in the art against the useftilness of inhaled corticosteroids in treating 
COPD was so pronounced that it remained even years after Appellants' filing 
date. 

Any one of these points would be sufficient to mandate withdrawal of the rejection. 
Taken together, the weight of the evidence is overwhelming. 

In addition to the above arguments and evidence, which apply to all of the claims, 
Appellants note that various independent and dependent claims include limitations that provide 
further grounds for distinguishing the art. These claims are discussed in three groupings below 
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(groupings I, IIA, and IIB). A few claims contain limitations appropriate to two of these 
groupings, so are discussed in both. 

L Claims 9. 11-17. 21-40. 50 and 54 

Each of these claims recites that the method "is effective to reduce the frequency and/or 
intensity of [COPD] exacerbations in the patient" (claim 9 and its dependents) or "produces a 
reduction in frequency or intensity of COPD exacerbations in the patient" (claims 50 and 54). 
These limitations are neither taught nor even suggested by any of the prior art. Renkema 
reported that, while certain subjective "symptom scores"^ did decrease during long-term 
treatment with budesonide alone, neither airflow obstruction (as measured by FEVl) nor the 
frequency or duration of exacerbations was affected by treatment with budesonide . Renkema at 
page 1 160 at column 1 . None of the other cited references even mentions COPD exacerbations. 
Cazzola et al. focused solely on airflow obstruction (measuring FEVl), not exacerbations, in 
their formoterol study subjects. Carling, as discussed above, was concerned solely with asthma 
and asthma-like disorders, so had no reason to look at COPD exacerbations, and indeed did not. 
Giardina is simply irrelevant. Given that there was no reason to expect that either budesonide 
alone or formoterol alone would be effective in reducing the frequency or intensity of COPD 
exacerbations, and in fact Renkema affirmatively teaches that budesonide alone is not effective 
for that purpose, one of ordinary skill would not have been motivated to try them in combination 
for this purpose, as required by pending claims 9, 1 1-17, 21-40, 50 and 54 — and certainly would 
not have had any reasonable expectation of success even if the experiment had been attempted. 

Rather than being convinced by this evidence, the Examiner apparentiy believes that 
Renkema's negative results regarding effectiveness against exacerbations should be read as 
positive ones. According to Renkema, *'No significant changes in exacerbation frequency or 
duration during the study were observed" in any of the test subjects. Renkema at page 1 160, 

' The symptom score is described at the top of the second column on page 1 157: "Patients were asked to rate the 
severity of dyspnea (scale, 0 to 5), dyspnea on exertion (scale, 0 to 3), early morning dyspnea (scale, 0 to 3), cough 
(scale, 0 to 3) and wheeze (scale, 0 to 3). A score of 0 was given if the complaint was absent; a higher value 
corresponded with increasing severity. A total complaint score (scale, 0 to 17) was calculated by adding up the 
scores from each question." Dyspnea is difficult or labored breathing. The "symptom score" is thus derived from 
the patient's own subjective characterization of his difficulty in breathing, rather than on an objectively quantifiable 
measure such as FEVl or number of hospitalizations for exacerbations. 
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column 1 . The Examiner dismissed the significance of this observation by Renkema, stating at 
page 8 of the June 15, 2006, Office Action that Renkema's finding of no treatment effect on 
fi-equency or dxiration of exacerbations v^as "due to high number of withdrawals only." 
This is not what Renkema says. 

Renkema actually states only that the observed lack of efficacy "may have been biased 
by the pattern of withdrawal." Renkema at page 1161, column 1. Renkema' s speculation as 
to a possible problem with the data cannot be taken to be a teaching that the fi-equency and/or 
intensity of COPD exacerbations can be reduced by treating a COPD patient with budesonide, 
either alone or in combination with formoterol. Negative results are negative results, and are not 
turned into positive results just because the author of the study points out possible weaknesses in 
the data. Cazzola also does not teach that formoterol alone can reduce exacerbations in patients 
with COPD, and Calling does not mention COPD, much less COPD exacerbations. Thus, none 
of the cited references teaches that either formoterol or budesonide, alone or in combination, can 
be expected to have any effect on exacerbations in patients with COPD, and in fact Renkema 
reports that no benefit in this regard was observed with budesonide, thereby teaching away fi-om 
fijrther attempts to reduce COPD exacerbations using budesonide-containing compositions. This 
is an additional reason that claims 9, 1 1-17, 21-40, 50, and 54 in particular are patentably 
nonobvious over the cited references. 



IIA. Claims 28. 34, 36, 43. and 56-58 

IIB. Claims 38. 40, 46 and 53 

All of the Hsted claims (claims 28, 34, 36, 38, 40, 43, 46, 53, and 56-58) require 
particular daily doses or daily dose ranges of budesonide that are far less than 1600 ^g/day, the 
only level tested by Renkema. They are grouped into two sub-groups because the maximum 
daily dose specified in the claims of grouping IIA is different fi-om that specified in 
grouping IIB, so their patentability over the cited art should be considered separately. 

The claims of group IIA all specify a daily dose that is 640 Hg/day or less. Claims 28 
and 34 state that the 160 ^g unit doses of budesonide specified in claims 27 and 33, respectively, 
are administered one to four times per day; this would result in a daily dosage of 160 to 640 ^g. 
Claim 58 similarly requires delivery of 160 to 640 fig/day (one to four unit doses of 1 60 jag 
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each). Claims 36 and 43 specify that the amount is 320 to 640 ^g/day (1 or 2 unit doses at 
320 ^ig per unit dose). Claims 56 and 57 are simply limited to a dose of 640 jig^day. 

The maximum daily dosage of budesonide peraiitted in the claims of grouping II.B. 
(claims 38, 40, 46 and 53) is even lower: 320 »ig/day. Claim 38 requires that the 80 ng unit 
dose of claim 37 be administered one to four times per day, resulting in a daily dosage of 80 to 
320 ^g/day. Claims 40 and 46 are both limited to administration of a 160 \x% unit dose once or 
twice per day, for a total of 160 to 320 »ig/day. The daily dose specified in claim 53 can range 
from 80 to 320 jig/day. 

The Examiner cited no art that would indicate any of these budesonide daily doses or 
dosage ranges would have any value in treating COPD. Renkema taught that even a much 
higher dose of budesonide (1600 |ig per day) provided only modest benefit and proposed that 
still higher doses should be tested, thereby profoundly teaching away fi-om the far lower daily 
dose/dosage ranges required by the claim in groupings II.A. and (even more so) IIB. As 
discussed above, Renkema's long-term trials of budesonide treatment at 1600 |xg per day 
resulted in what Renkema characterized as "limited" beneficial effect in COPD patients. 
Renkema at page 1161, column 2, last paragraph. Renkema's modest results rule out any reason 
to attempt trials with lower doses of budesonide. Indeed, Renkema himself states, "It may be 
that still higher doses of corticosteroids are needed in patients with COPD," Renkema at 
page 1161, column 2, second paragraph. This can be taken as a teaching-away from use of 
anything less than 1600 |ig budesonide per day for treatment of COPD, and certainly means that 
one of ordinary skill would find neither motivation nor expectation of success upon employing 
doses of budesonide below 1600 ug per day. As discussed above, the post-filing date clinical 
trial of budesonide reported by Vestbo et al (Item 10 in the Evidence Appendix) demonstrated 
that a daily dose of 1200 jig for six months followed by 800 jig daily for 30 months produced no 
clinical benefit in COPD patients, entirely consistent with the teaching-away of Renkema. Yet 
the Examiner inexplicitly ignores this evidence and persists in saying that the claimed methods 
are "obvious." 
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Appellants submit that the claims of groupings IIA and IIB are patentable on a number of 
grounds, including but not limited to the reasons outlined above for all of the claims as well as 
the reasons described as applicable to them in particular. 

In view of the foregoing, and the totality of the arguments in the record, Appellants 
request withdrawal of the rejection under 35 U.S.C. § 103 as to all of the claims. 

CONCLUSION 

For the reasons set forth above. Appellants respectfully request that the rejections of 
claims 9, 1 1-17, and 21-58 be withdrawn. 

An attached Claims Appendix (viii) contains a copy of the claims under appeal. 

An attached Evidence Appendix (ix) contains a copy of the various items of evidence 
cited above. These items are listed on the first two pages of the Evidence Appendix, along with 
a statement setting forth where in the record each item of evidence was entered in the record by 
the Examiner, as required under 37 CFR §41.37(c)(ix). 

Appellants have also attached a Related Proceedings Appendix (x) as required, but it does 
not contain any subject matter. 



Appellants : Carl-Axel Bauer et al. Attorney's Docket No.: 06275-150003 / D 1841-3P US 

Serial No. : 10/010,283 

Filed : November 13, 2001 

Page : 24 of 24 



Enclosed is a Petition for Extension of Time for two months and a Request for Oral 
Hearing. Also enclosed is a check for $450 for the Petition fee, a check for $500 for the Appeal 
Brief fee (as required under 37 C.F.R. § 41.20(b)(2)), and a check for $1000 for the Request for 
Oral Hearing fee (as required under 37 C.F.R. § 41.20(b)(3)). Please apply any other necessary 
charges, or any credits, to Deposit Account No. 06-1050, referencing Attorney Docket 
No. 06275-150003. 

RespectftiUy submitted. 



Date: 1[A£iy\n.. '=\ . lASb^ ^ UJdi^^ U^Ji^ SV, / ^^ 

' (fjn Janis K. Yxs^gx, Ph.D., J.D. ^ 

Reg. No. 34,819 

Fish & Richardson P.C. 
225 Franklin Street 
Boston, MA 02110 
Telephone: (617) 542-5070 
Facsimile: (617) 542-8906 



DocNo 21578811 



Appellants : Carl-Axel Bauer et al. Attorney's Docket No.: 06275-150003 / D 1841-3P US 

Serial No. : 10/010,283 

Filed : November 13, 2001 

Page : viii-1 of viii-8 



(viii) Appendix of Claims 

9. A method for reducing the frequency and/or intensity of chronic obstructive pulmonary 
disease (COPD) exacerbations experienced by a patient suffering from COPD, which 
method comprises administering to the patient via inhalation (i) a first active ingredient 
which is formoterol, a pharmaceutically acceptable salt or solvate thereof, or a solvate of 
such a salt; and (ii) a second active ingredient which is budesonide, wherein_the method is 
effective to reduce the frequency and/or intensity of exacerbations in the patient, the first 
and second active ingredients are administered simultaneously, and the molar ratio of (a) 
formoterol in the first active ingredient to (b) the second active ingredient is from 1 :555 to 
2:1. 

11. A method according to claim 9, wherein the first and/or second active ingredient is used in 
admixture with one or more pharmaceutically acceptable additives, diluents and/or carriers. 

12. A method according to claim 9, wherein the first active ingredient is formoterol fiimarate 
dihydrate. 

13. A method according to claim 9, wherein the molar ratio is from 1 : 1 33 to 1 :6. 

14. A method according to claim 13 wherein the molar ratio is from 1 :70 to 1 :4. 

15. A method according to claim 9, wherein the first and second active ingredients are 
provided in powder form. 

16. A method according to claim 15 wherein the first and second active ingredients are 
formulated as powder particles having a mass median diameter of less than 10 /zm. 
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17. A method according to claim 9 wherein the first and second active ingredients are provided 
in the form of an admixture. 



21 . A method according to claim 9 wherein the first active ingredient is administered to the 
patient in one or more unit doses per day, the amount of formoterol delivered to the patient 
by each unit dose of the first active ingredient being from about 2 to 120 nmol. 



22. A method according to claim 21 wherein the amount of formoterol delivered to the patient 
by each unit dose of the first active ingredient is from about 7 to 70 nmol. 

23. A method according to claim 9 wherein the second active ingredient is administered to the 
patient in one or more unit doses per day, the amount of budesonide delivered to the patient 
by each unit dose being from about 0.1 to 5 /imol. 

24. A method according to claim 23 wherein the amount of budesonide delivered to the patient 
by each unit dose is from about 0.15 to 4 /xmol. 

25. A method according to claim 12 wherein the formoterol fimiarate dihydrate is administered 
to the patient in one or more unit doses per day, the amount of formoterol fumarate 
dihydrate delivered to the patient by each unit dose being from about 1 to 50 /xg. 

26. The method of claim 9, fiuther comprising monitoring the number of exacerbations 
experienced by the patient over a period of 12 months of treatment. 

27. The method of claim 9, wherein the first active ingredient is administered in the form of 
one or more unit doses of formoterol fiimarate dihydrate, each unit dose delivering 4.5 |ig 
of formoterol fiimarate dihydrate to the patient; and the second active ingredient is 
administered in the form of one or more unit doses of budesonide, each unit dose of 
budesonide delivering 160 ^ig of budesonide to the patient. 
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28. The method of claim 27, wherein the unit doses of both the formoterol fumarate dihydrate 
and the budesonide are administered one to four times per day. 

29. The method of claim 9, wherein the first and second active ingredients are administered 
together from a pressurized metered dose inhaler (pMDI). 

30. The method of claim 9, wherein at least one of the first and second active ingredients is 
formulated in a propellant comprising one or both of P227 (heptafluoropropane) and 
PI 34(a) (tetrafluoroethane). 

3 1 . The method of claim 1 2, wherein the first and second active ingredients are provided in 
admixture. 

32. The method of claim 3 1 , wherein the first and second active ingredients are in powder 
form. 

33. The method of claim 32, wherein the first and second active ingredients are administered in 
admixture in the form of unit doses, each unit dose delivering to the patient 4.5 ^ig 
formoterol fumarate dihydrate and 160 ^ig budesonide. 

34. The method of claim 33, wherein the patient is administered one to four of the unit doses 
per day. 

35. The method of claim 32, wherein the first and second active ingredients are administered in 
admixture in the form of unit doses, each unit dose delivering to the patient 9 jig formoterol 
fumarate dihydrate and 320 jig budesonide. 



36. 



The method of claim 35, wherein the patient is administered one or two of the unit doses 
per day. 
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37. The method of claim 9, wherein the first active ingredient is in the form of one or more unit 
doses of formoterol fiimarate dihydrate, each unit dose delivering 4.5 p.g of formoterol 
fumarate dihydrate to the patient; and the second active ingredient, which may be separate 
fi-om or in admixture with the first active ingredient, is administered in the form of one or 
more unit doses of budesonide, each unit dose of budesonide delivering 80 fig of 
budesonide to the patient. 



38. The method of claim 37, wherein the xmit doses of both the first active ingredient and the 
second active ingredient are administered one to four times per day. 

39. The method of claim 9, wherein the first active ingredient is administered in the form of 
one or more unit doses of formoterol fumarate dihydrate, each unit dose delivering 9 of 
formoterol fumarate dihydrate to the patient; and the second active ingredient, which may 
be separate from or in admixture with the first active ingredient, is administered in the form 
of one or more vmit doses of budesonide, each unit dose of budesonide delivering 160 jig of 
budesonide to the patient. 

40. . The method of claim 39, wherein the unit doses of both the first active ingredient and the 

second active ingredient are administered once or twice per day. 

41 . A method for the treatment of a patient suffering from COPD, which method comprises 
administering to the patient via inhalation (i) a daily dose of a first active ingredient that is 
formoterol, a pharmaceutically acceptable sah or solvate thereof, or a solvate of such a salt, 
the daily dose of the first active ingredient delivering 2 to 120 nmol of formoterol to the 
patient; and (ii) a daily dose of a second active ingredient that is budesonide, the daily dose 
of the second active ingredient delivering 45 to 2200 \ig of budesonide to the patient, 
wherein the first active ingredient, which may be separate from or in admixture with the 
second active ingredient, is administered simultaneously with the second active ingredient, 
and wherein the daily dose of each active ingredient is administered in one to four divided 
doses per day. 
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42. The method of claim 41, wherein each daily dose of the first active ingredient is 
administered as one or more unit doses of formoterol fumarate dihydrate, each unit dose 
delivering 9 ^ig of formoterol fumarate dihydrate to the patient; and each daily dose of the 
second active ingredient, which may be separate fi"om or in admixture with the first active 
ingredient, is administered as one or more unit doses of budesonide, each unit dose of 
budesonide delivering 320 ^ig of budesonide to the patient. 

43. The method of claim 42, wherein the unit doses of both the formoterol fimiarate dihydrate 
and the budesonide are administered once or twice per day. 

44. The method of claim 41 , wherein each daily dose of the first active ingredient is 
administered as one or more unit doses of formoterol fumarate dihydrate, each unit dose 
delivering 4.5 \ig formoterol fumarate dihydrate to the patient; and each daily dose of the 
second active ingredient, which may be separate fi"om or in admixture with the first active 
ingredient, is administered as one or more unit doses of budesonide, each unit dose 
delivering 80 ^ig of budesonide to the patient. 

45. The method of claim 41 , wherein each daily dose of the first active ingredient is 
administered as one or more unit doses of formoterol fumarate dihydrate, each unit dose 
delivering 9 ^g formoterol fumarate dihydrate to the patient; and each daily dose of the 
second active ingredient, which may be separate from or in admixture with the first active 
ingredient, is administered as one or more unit doses of budesonide, each unit dose 
delivering 160 ^g of budesonide to the patient. 

46. The method of claim 45, wherein the unit doses of both the first active ingredient and the 
second active ingredient are administered once or twice per day. 
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47. The method of claim 41, wherein each daily dose of the first active ingredient is 
administered as one or more unit doses of formoterol fiimarate dihydrate, each unit dose 
deHvering 4.5 |ig formoterol fiimarate dihydrate to the patient; and each daily dose of the 
second active ingredient, which may be separate fi-om or in admixture with the first active 
ingredient, is administered as one or more unit doses of budesonide, each unit dose 
delivering 160 |ig of budesonide to the patient. 

48. The method of claim 41 , wherein the first and second active ingredients are administered 
together from a single pMDI. 

49. The method of claim 41 , wherein at least one of the first and second active ingredients is 
formulated in a propellant comprising one or both of P227 and PI 34(a). 

50. The method of claim 41 , wherein the method produces a reduction in frequency or intensity 
of COPD exacerbations in the patient. 

5 1 . The method of claim 41 , wherein the method produces an improvement in FEVj in the 
patient. 

52. A method for treating a patient suffering from COPD, which method comprises 
administering to the patient, via inhalation from a pMDI, a composition comprising (i) a 
first active ingredient that is formoterol, a pharmaceutically acceptable salt or solvate 
thereof, or a solvate of such a sah; (ii) a second active ingredient that is budesonide; and 
(iii) propellant P227, wherein the molar ratio of (a) formoterol in the first active ingredient 
to (b) the second active ingredient is from 1 :70 to 1 :4, 

53. The method of claim 52, wherein the patient inhales 4.5 or 9.0 jUg formoterol fiimarate 
dihydrate once or twice per day and 80 or 160 \ig budesonide once or twice per day. 
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54. The method of claim 52, wherein the method produces a reduction in frequency or intensity 
of COPD exacerbations in the patient. 



55. The method of claim 52, wherein the method produces an improvement in FEVi in the 
patient. 

56. A method for the treatment of a patient suffering from COPD, which method comprises 
administering formoterol fumarate dihydrate and budesonide to the patient via inhalation, 
wherein the formoterol fumarate dihydrate and budesonide are administered simultaneously 
and optionally in admixture; the amount of formoterol fumarate dihydrate inhaled by the 
patient is 18 p.g per day; and the amount of budesonide inhaled by the patient is 640 ^g per 
day. 

57. A method for the treatment of a patient suffering from COPD, which method comprises 
administering to the patient via inhalation (i) a daily dose of a first active ingredient that is 
formoterol, a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt, 
the daily dose of the first active ingredient delivering an amount of formoterol to the patient 
per day that is equivalent to the amount delivered when 18 i^g of foraioterol fumarate 
dihydrate per day is delivered to the patient; and (ii) a daily dose of a second active 
ingredient that is budesonide, the daily dose of the second active ingredient delivering 

640 lig of budesonide to the patient per day, wherein the first active ingredient is optionally 
in admixture with the second active ingredient, and the two active ingredients are 
administered simultaneously. 

58. A method for the treatment of a patient suffering from COPD, which method comprises 
administering formoterol fumarate dihydrate and budesonide to the patient via inhalation, 
wherein the formoterol fumarate dihydrate and budesonide are administered 
simultaneously, and optionally in admixture, in one to four unit doses per day; the amount 
of formoterol fumarate dihydrate delivered to the patient by each unit dose of formoterol 
fumarate dihydrate is 4.5 |ig; and the amoxmt of budesonide delivered to the patient by each 
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unit dose of budesonide is 160 ^ig. 
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(ix) Evidence Appendix 
Item 1> (Ipage) Page 7 only of "GOLD: Global Initiative for Chronic Obstructive 
Lung Disease; Global Strategy for the Diagnosis, Management, and Prevention of Chronic 
Obstructive Pulmonary Disease," based on April 1998 NHLBLWHO Workshop, pages 1-100 
(2004 update). This reference was submitted in its entirety and cited in an information disclosure 
statement, which was initialed and entered in the record by the Examiner with the Advisory 
Action dated December 4, 2006. 

Item 2. (2 pages) Rabe, "Combination Therapy for Chronic Obstructive Pulmonary 
Disease," Eur, Respir, J. 22:874-875, 2003. This reference was cited in an information 
disclosure statement, and was initialed and entered in the record by the Examiner with the non- 
final Office Action dated June 18, 2004. 

Item 3> (4 pages) The Merck Manual, 16* ed., s.v. "Chronic Airways Obstructive 
Disorders," pages 658-659, 1992. This reference was cited by the Examiner in a form PTO-892 
and was entered in the record with the final Office Action dated June 15, 2006. 

Item 4, (6 pages) Declarationof Jan Trofast under 37 CFR § 1.114(c) submitted 
March 1, 2004. This Declaration was acknowledged and entered in the record by the Examiner 
at pages 4-5 of the non-final Office Action dated June 1 8, 2004. 

Item 5. (1 page) Smeenk et al, "Opportunistic Lung Infection in Patients with Chronic 
Obstructive Pulmonary Disease; a side effect of Inhalation Corticosteroids," Nederlands 
Tijdschrift voor Geneeskunde 140:94-98, 1996 (Netherlander language); English Abstract only. 
This reference was cited by the Examiner in a form PTO-892 and was entered in the record with 
the non-final Office Action dated January 29, 2002. 
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Item 6, (5 pages plus 5 journal articles labeled Exhibits A-E) Declaration of Jan Trofast 
under 37 CFR § 1.132 submitted April 25, 2002. Exhibit A is Jeffrey, TAorax 53:129-136, 1998; 
Exhibit B is Pauwels et al. New Eng. Jour, Med. 340:1948-1953, 1999; Exhibit C is Niewoehner 
et al, New Engl Jour. Med. 340:1941-1945, 1999; Exhibit D is Barnes, Lancet 351:766-780, 
1998; and Exhibit E is Norman, Drug News Perspect. 11 :43 1-437, 1998. The Declaration was 
acknowledged and entered in the record by the Examiner at page 2 of the non-final Office Action 
dated July 30, 2002. 

Item 7. (8 pages) Declaration of Christer Hultquist submitted December 13, 2002. 
Item 7 includes Appendices 1 and 2. This Declaration was acknowledged and entered in the 
record by the Examiner at page 2 of the final Office Action dated January 29, 2003. 

Item 8. (15 pages) Declaration of Jan Trofast submitted November 4, 2005. Item 8 
includes Appendices 1-9. This Declaration was acknowledged and entered in the record by the 
Examiner at page 8 of the final Office Action dated June 15, 2006. 

Item 9, (8 pages) Calverley et al, "Maintenance Therapy with Budesonide and 
Formoterol in Chronic Obstructive Pulmonary Disease" Eur, Resp. J. 22:912-919, 2003. This 
reference was cited in an information disclosure statement, and was initialed and entered in the 
record by the Examiner with the non-final Office Action dated June 18, 2004. 

Item 10, (5 pages) Vestbo et al, "Long-term effect of inhaled budesonide in mild and 
moderate chronic obstructive pulmonary disease: a randomized controlled trial" Lancet 
353:1819-1823, 1999. This reference was cited in an information disclosure statement, and was 
initialed and entered in the record by the Examiner with the Advisory Action dated December 4, 
2006. 
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NEW USE FOR BUDESONIDE AND FORMOTEROL 



Commissioner for Patents 
Washington, D.C. 20231 

DECLARATION OF JAN TROFAST UNDER 37 CFR S 1 . 1 32 

I, Jan Trdfast, declare as follows: 

1 . I am a co-inventor of the invention claimed in this application. 

2. The invention claimed in this application features a method of treating chronic 
obstructive pulmonary disease (COPD) by administering to a patient, via inhalation, (i) 
formoterol, a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt; and 
(ii) budesonide, the molar ratio of (i) to (ii) being from 1:2500 to 12:1. 



3. I have read the Office Action mailed May 10, 2001 in the parent application 
(USSN 09/670,457). 



4. COPD refers to a group of disorders characterized by a progressive and generally 
irreversible limitation of airflow. COPD is a conmion disease in industrialized countries (for 
example, about 6 % of the men and 4 % of the women over 45 years in the UK are affected) and 
is responsible for a considerable morbidity and mortality. Most of the patients are smokers. The 
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two most important conditions associated with COPD are chronic bronchitis and emphysema. 
Patients with chronic bronchitis exhibit frequent exacerbations due to recurrent infections. 

5. Current treatment of COPD is often unsatisfactory. At present, COPD is often treated 
only in its more developed stages using a variety of inhaled or orally administered 
bronchodilators or inhaled anti-cholinergic agents. The problem with these treatments is that 
none of them has been regarded as effective. Smoking cessation has been shown to decrease the 
rate of decline in lung function, but the success of smoking-cessation programs is liniited. 

6. Airway inflammation in COPD differs from such inflammation in asthma. (Jeffery 
PK, Structural and Inflanmiatory Changes in COPD: a comparison with asthma. Thorax 
1998:53:129-36; attached as Exhibit A). The beneficial influence of oral and inhaled 
corticosteroids is well established in patients with asthma. However, their usefulness in COPD is 
much less certain. Around the time of Applicants' invention, researchers were investigating the 
use of inhaled glucocorticoids such as budesonide in treating COPD. The results, discussed 
below, generally indicated that inhaled glucocorticoids were much less effective in treating 
COPD than in treating asthma. 



7. One study reported that the overall effect of three years of treatment with budesonide 
on the forced expiratory volume (FEV) of patients with mild COPD was "quite limited as 
compared with the beneficial effects of inhaled glucocorticoids in asthma.... The small, overall, 
one-time beneficial effect on pulmonary function ... must be balanced against the risk of local 
and systemic side effects." Benefits were found to be only short-term, with no appreciable effect 
on the long-term progressive decline in lung function. (Pauwels et al., "Long-Term Treatment 
with Inhaled Budesonide in Persons with Mild Chronic Obstructive Pulmonary Disease Who 
Continue Smoking," The New England Journal of Medicine, 340:25, pp. 1948-1953, June 24, 
1999; attached Exhibit B.) 



8. Another study found diat the benefits of systemic glucocorticoids in ti-eating acute 
exacerbations of COPD were niuch smaller than the benefits of glucocorticoids in the treatment 
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of severe exacerbations of asthma. (Niewoehner, "Effect of Systemic Glucocorticoids on 
Exacerbations of Chronic Obstructive Pulmonary Disease," The New England Journal of 
Medicine, 340:25, pp. 194M947, June 24, 1999; attached as Exhibit C.) 

9. Several articles at the time mentioned that the current treatments for COPD, including 
treatment with inhaled steroids, were unsatisfactory, and that new treatments were required. 
(See, e.g., "Inhaled Steroids in COPD," The Lancet, Vol. 351, pp. 766-767, March 14, 1998, and 
"COPD: New Developments and Therapeutic Opportunities," Peter Norman, Drug News 
Perspect 1 1(7), September 1998; attached as Exhibits D and E, respectively.) 

10. In view of this lack of enthusiasm in the field for treatment with budesonide, and also 
in view of the recognition in the art that asthma and COPD respond differently to treatment with 
budesonide, it would not have been obvious to the artisan that Carling^s composition would be 
effective in the treatment of COPD. Moreover, in view of the great need for an effective 
treatment for COPD, if it had been obvious to Carling himself that his composition would have 
been effective in treating COPD, surely he would have mentioned this in his own disclosure. 



11. The Examiner states that, in the absence of unexpected results, it would have been 
obvious in view of the cited references (U.S. Patent No. 5,795,564 and CA 126:259329) to use 
budesonide and formoterol together to treat COPD. Applicants respectfully disagree, for the 
reasons discussed above, and also because Applicants have in fact obtained unexpected results. 

12. About 800 patients with moderate to severe COPD were enrolled in a clinical trial. 
They were divided into four equal groups taking, respectively: budesonide/formoterol (as 
fumarate dihydrate)(2 x 160/4.5 iig bid, single inhaler), budesonide (2 x 200 |ig bid), formoterol 
(as fumarate dihydrate) (2 x 4.5 |ig bid) and a placebo for a period of 12 months. There was a 
significantly larger number of discontinuations in the placebo group than in the treated groups. 
The patients were monitored for severe exacerbations, and were tested at each clinical visit (8 
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times) for Forced Expiratory Volume (FEVi). These parameters are typically used in evaluating 
the condition of a patient suffering from COPD. 

13. A statistical analysis of the results of this study provided the following data: 



Reduction in severe exacerbations (P-value): 
Budesonide/formoterol against placebo 
Budesonide/formoterol against formoterol 
Budesonide/formoterol against budesonide 



0.035 
0.043 
0.385 



Improvement in forced expiratory volume (FEVj) (P-value): 
Budesonide/formoterol against placebo < 0.001 

Budesonide/formoterol against budesonide < 0.00 1 

Budesonide/formoterol against formoterol 0.487 

The reduction of severe exacerbations was significantly (p<5%) greater for the patients 
treated with the budesonide/formoterol combination than for the placebo or the formoterol- 
treated groups. The study indicates that the number of exacerbations was 24 % lower for the 
patients treated with the combination than for the patients who received a placebo, and 23 % 
lower in comparison with formoterol-treated group. 

The Forced Expiratory Volume of patients treated with the combination was signiticantiy 
better (p<0.1%) for the patients treated with the combination than for the placebo or budesonide- 
treated groups. 



14. Togetiier, the results obtained for these parameters indicate a significant 
improvement in both of the measured parameters for the budesonide/formoterol-treated patients, 
as compared to the patients treated with either budesonide alone or formoterol alone, over the 
12-month period. Thus, the results of this study indicate, unexpectedly, that it is possible to treat 
even moderate to scfvere COPD patients with excellent, long-term results using the claimed 
method. 



15. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
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Statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patents issued thereon. 



Date: 
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Figure 2 Scanning electron micrograph of the surface of human bronchial mucosa 
showing a field of cilia with flakes of mucus at their tips. 



both mechanisms are effective in clearing large 
proximal airways (down to about the sixth 
generation of branching). Sputum and res- 
piratory tract secretions are a mixture of con- 
stituents including glycoproteins, glycosamino- 
glycans, lipids and transudate. Respiratory 
tract secretions normally amount to less than 
100 ml/day*^ and are thought to consist 
primarily of glycosaminoglycans.^^^^ Chronic 
irritation by pollutants causes alterations in the 
biochemistry and flow of mucus and in the 
number and activity of secretory cells - that is, 
there is an enlargement of the mass of sub- 
mucosal gland (by an increase in both the 
number and size of its cells) and an increase 
in the number of mucous cells (goblet cells) in 
the surface epithelium. Mucous gland enlarge- 
ment and hyperplasia of goblet cells are the 
historical hallmarks of chronic bronchitis. 
The changes to secretory cells are also reponed 
in asthma. However, in contrast to chronic 
bronchitis, the airways in fatal asthma are 
occluded by tenacious plugs of exudate and 
mucus, there is patchy loss of surface 
epithelium, relatively imiform thickening and 
hyaline appearance of its reticular basement 
membrane, marked enlargement of the mass 
of bronchial smooth muscle and bronchial 
vessel dilatation, congestion, and oedema,*^*' 
The normal presence of a gel-like mucus is 
essential to mucociliary clearance - in normal 
healthy subjects the mucus is present as dis- 
crete flakes (fig 2) but in subjects with smokers* 
bronchitis it is thought to be present as a 
continuous sheet or "blanket" (fig 3). AX^ilst 
bronchial goblet cell hyperplasia may be a 
feature of both chronic bronchitis and asthma, 
the appearance and increase of goblet cells in 
the small airways - that is, small bronchi and 
bronchioli of less than 2 mm diameter - where 
goblet cells are normally absent or sparse (a 
change referred to as mucous metaplasia) is a 
key alteration that contributes to small airways 
disease and the development of COPD.^^^.* 
In the large airways disproportionate reduction 
of serous acini of the submucosal glands which 
contain lysozyme, lactoferrin, and a small 
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Figure 3 Scanning electron micrograph of bronchial 
surface showing the experimental effects of subacute 
exposure to cigaretu smoke: there is a near complete sheet of 
mucus. 



molecular weight antiprotease tends to favour 
bacterial colonisation. This is reported not to 
occur in asthma. Other epithelial changes in 
chronic bronchitis may include atrophy,^^ 
focal squamous metaplasia,^"* ciliary abnor- 
malities,^^ and decreases in both ciliated cell 
number and mean ciliary length.^^^® Loss of 
mucociliary clearance due to alterations in 
the flow/adhesive properdes of mucus or to 
ciliary damage results in pooling of secretions. 
These pooled secretions support the growth 
of bacteria (fig 4) which release products 
known to damage both cilia and the 
underlying epithelial cells. Once damaged, 
the epithelial cells are sloughed and only then 
may bacteria be found direcdy adherent to 
them (fig 5). 

SMALL AIRWAYS (CHRONIC BRONCHIOLITIS) 

Measurement of sputum only reflects secre- 
dons obtained by cough firom about the first six 
generations of airway branching. Mucus pro- 
duced at this proximal site probably serves to 
protect the more distal and respiratory portions 
of the lung. However, mucus produced inap- 
propriately in bronchioli by die process of 
mucous metaplasia has a number of detrimen- 
tal effects including a reduction of bronchiolar 
antiproteases leading to proteolytic digestion 
and the development of centrilobular emphy- 
sema. 

As the cross sectional area of the bronchiolar 
zone of the lung is normally large in relation to 
the bronchial divisions,^^ breathlessness and 
airflow limitation due to small airway disease 
are detectable only late in the course of the 
condition. This means that, once detected. 



Downloaded from thorax.bmj.com on 25 February 2007 



Structural and inflammatory changes in COPD 




Figure 4 Scanning electron micrograph of human airway surface hut not the underlying 
airway epithelial cells showing colonisation of airway mucus by bacteria (Pneumococcus 
sp)^ 




Figure 5 Scanning electron micrograph of surface mucosa illustrating the effects of 
bacterial (Haemophilus sp) toxins on the epithelium; ciliated and non-ciliated ceUs are 
damaged and sloughing arui now bacteria have attached to their cett membranes. 




Figure 6 Bronchial cast of human small airways illustrating the marked focal 
constriction of one airway branch in COPD (courtesy of Professor J Bignon). 
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relatively severe progressive changes are 
already well established. However, inflamma- 
tion in small airways occurs relatively early and 
may be detected physiologically well before the 
age of 30 years. The small airway defect is 
characterised by persistent airflow limitation 
which may show progressive deterioration in 
the absence of emphysema. Whilst the site of 
the lesion and diagnosis is, as yet, difficult to 
pinpoint by lung function, experimental phy- 
siologists have indicated that the dominant site 
lies in small bronchi and bronchioli of less than 
3 mm diameter,'^" 

Histologically one of the most consistently 
observed early effects of cigarette smoke is a 
marked increase in the number of macropha- 
ges and neutrophils in the airways of both man 
and experimental animals. The increase is seen 
also within the lung interstitium and alveolar 
space and can be detected in bronchoalveolar 
lavage (BAL) fluid.^^^'* The associated early 
smoking-related structural changes have been 
described in studies comparing lungs of young 
smokers and controls of similar age in a group 
who had experienced sudden non-hospital 
deaths.^** '^'^^^ In these and more severely 
affected patients the structural changes include 
mucous metaplasia, bronchiolar smooth 
muscle hypertrophy, mural oedema, peribron- 
chiolar fibrosis, and an excess of airways less 
than 400 }im in diameter.^®^^^^^^ It is sug- 
gested that the primary lesion is persistent 
and progressive inflammation then leads to 
peribronchiolar fibrosis. The resultant narrow- 
ing of small bronchioli has been convincingly 
demonstrated by Bignon and colleagues (fig 
6).^^ The peribronchiolar inflammation (fig 7) 
and fibrosis may predispose to the develop- 
ment of centrilobular emphysema and may be 
responsible for the subtle abnormalities detec- 
ted by lung function. Associated loss of alveo- 
lar attachments to the airway perimeter (fig 8) 
contributes to loss of elastic recoil and favours 
increased tortuosity and early closure of bron- 
chioli during expiration.^^^ 

In bronchioli, non-ciliated secretory and 
ciliated cells are the main cell types'^ ^'^^ and, 
of them, the Clara cell is the major secretory 
cell type as well as the progenitor cell fi-om 
which ciliated and mucous cells may develop. 
It has been suggested that the Clara cell nor- 
mally produces both a hypophase component 
of bronchiolar surfactant'*^ and a low molecu- 
lar weight protease inhibitor {syn anrileuko- 
protease or bronchial mucosal protease 
inhibitor^). The laner is the main anti-elastase 
screen in sputum and normally prevents auto- 
lysis of airway tissues.^' In smokers Clara cells 
are replaced by mucous cells^^ and mucus 
appears in peripheral airways and its secretion 
is abnormally increased therein.^^ The increase 
in mucus at this distal site is difficult to clear by 
cough. In addition, its replacement of the 
normal surfactant lining leads to an abnormally 
high surface tension and small airway instabi- 
lity and also predisposes to early airway closure 
during expiration.'*^ In addition, replacement 
of Clara cells and their anti-elastase secretion 
predisposes the small airway to proteolytic di- 
gestion; such changes in respiratory bronchioli 
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Figure 7 Histological section of alveolar region in a case of COPD in which there are 
enlarged alveolar spaces surrounding a small airway with marked peribronchiolitis. Stain: 
haematoxylin and eosin (courtesy of Professor B Corrin). 




Figure 8 Section of emphysematous lung in which there is destruction of alveolar 
attachments to the bronchiolar wall, resulting in its tortuous appearance and early collapse 
during expiration. Stain: haematoxylin and eosin. 



may underlie the development of centriacinar 
emphysema. 

EMPHYSEMA 

The early changes of emphysema have been 
thought to include subtle disruption to elastic 
fibres with accompanying loss of elastic recoil^ 
bronchiolar and aveolar distortion (see fig 8), 
and the appearance of fenestrae which 
enlarge,^^^^ an alteration which has been refer- 
red to as "microscopic" emphysema (fig 9). 
These biochemical and microscopic changes 
lead to loss, by destruction of the elastic 
firamework, of the interalveolar septa and the 
macroscopic appearance of spaces of more 
than 1 mm in diameter. Recent data have 
shown that this destructive process is accompa- 
nied by a net increase in the mass of collagen 
which suggests that, contrary to the current 
internationally accepted definition (see above), 
there is active alveolar wall fibrosis in the tissue 
which remains even in otherwise emphysema- 
tous lungs.^® 



Two main morphological forms of emphy- 
sema have been described. They are distin- 
guished anatomically by the region of the 
acinus which is destroyed. Centriacinar (or 
centrilobular) emphysema is characterised by 
focal destruction restricted to respiratory 
bronchioli and the central portions of the 
acinus, each focus surrounded by areas of 
grossly normal lung parenchyma. This form 
of emphysema is usually more severe in the 
upper lobes of the lung (fig 10). Panacinar (or 
panlobular) emphysema involves destruction 
of the walls, in a fairly uniform manner, of all 
the air spaces beyond the terminal bronchiolus. 
The panacinar form is characteristic of patients 
who develop smoking-related emphysema 
relatively early in life and, in contrast to the 
centriacinar form, has a tendency to involve 
the lower lobes more than the upper. In 
the familial form of panacinar emphysema 
it is usually associated with deficiency of 
alphai -antitrypsin^^ which normally protects 
the respiratory region by forming a highly 
efifective anti-elastase screen. These distinct 
morphological forms are thought to have 
distinct functional properties.'^ 

Epidemiological studies have demonstrated 
a significant relationship between cigarette 
smoking and severity of emphysema^^ but the 
mechanism (s) by which cigarette smoke causes 
such damage is still the subject of much spec- 
ulation. The working hypothesis has been that 
emphysema is the result of an imbalance be- 
tween proteolytic enzymes and protease inhibi- 
tors in the lung, favouring an excess of enzyme 
and, in particular, elastases. In addition, the 
imbalance between oxidants and antioxidants 
also contributes by allowing an excessive oxi- 
dant burden to degrade the normal protease 
inhibitor screen.^"* The proposed mechanism 
involves interactions between cigarette smoke, 
alveolar macrophages, chemoattractants, neu- 
trophils, elastases, endogenous and exogenous 
oxidants, protease inhibitors, antioxidants, and 
lung connective tissue, primarily elastin, which 
undergoes repeated destruction, synthesis, and 
degradation.^^ 

Whilst the major pathological changes of 
COPD are thought to occur in the airways 
and lung parenchyma in patients with ad- 
vanced COPD, changes also occur to the 
pulmonary circulation, the right heart, and 
respiratory muscles.'*^ With alveolar hypoxia 
the medial vascular smooth muscle of pulmo- 
nary arterioles extends dis tally to vessels that 
normally lack muscle and there is intimal 
thickening. In addition, loss of the vascular 
bed occurs as a consequence of emphysema. 
Right ventricular enlargement due to dilatation 
and/or hypertrophy is not uncommon and 
atrophy of the diaphragm occurs in some 
cases of COPD. Whilst emphysema and right 
ventricular hypertrophy are common in 
COPD, both are uncommon findings in 
asthma. 



Cellular infiltrate 

Niewoehner and co-workers^^ and Cosio and 
colleagues^° were among the first to describe 
the inflammation of the respiratory region in 
smokers dying suddenly: inflammation in bron- 
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Figure 9 Scanning electron micrograph of a human lung in which there is "microscopic" 
emphysema; the alveolar walls are peppered by fenestrae too small to be seen by the naked 
eye. Such early lesions probably result in hss of lung elastic recoU. 




Figure 10 Gross appearance of the cut surface of a lung 
in which the centriacinar emphysema is restricted to the 
upper aspects of each lobe (courtesy of Professor B Heard), 

chides and a respiratory bronchiolitis and alveo- 
litis consisting of pigmented macrophages.^^ 
These inflammatory changes to small airways 
appear to be related to clinical airflow obstruc- 
tion in patients with COPD,^>5960 -j^g de- 
struction of the respiratory zone in emphy- 
sema is also considered to be the result of an 
inflammatory reaction, much of this centred 
on respiratory bronchioli and the alveolar wall 
and largely initiated by products of inhaled 
tobacco smoke which recruit neutrophils to 
the lung.^^^^^^ The average diameter of circu- 
lating neutrophils is 7.0 |im which necessitates 
their deformation as they squeeze through 
capillary segments of 5 nm diameter. Neutro- 
phil traffic through the capillaries of the lung is 
normally slower - that is, there is a higher 
transit time - than that of red blood cells as 
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they are 700 times less deformable than red 
blood corpuscles. Recent studies with radio- 
actively labelled neutrophils have shown that 
the normal delay in neutrophil transit is further 
exaggerated, transientiy, even in healthy 
subjects during smoking. Exposure of 
neutrophils to cigarette smoke in vitro and in 
vivo results in decreased deformability 
associated with polymerisation of actin micro- 
filaments.^^ This is the probable mechanism 
of the observed cigarene smoke induced 
increase in neutrophil transit time in the peri- 
phery of the limg. More recentiy lymphocytes 
have been found to form a significant com- 
ponent of the alveolar wall inflammatory 
infiltrate in patients with COPD.^ 

Inflammatory cells also infiltrate the bron- 
chial mucosa of smokers and these relatively 
large airways have been the focus of recent 
biopsy studies conducted in volunteers using 
the flexible fibreoptic bronchoscope. The 
biopsy studies of the airways of smokers are 
of particular interest as they allow comparison 
with the biopsy changes reported in asthma. It 
is already known that in patients with atopic 
and non-atopic asthma there is an inflamma- 
tory infiltrate which comprises activated 
(CD25+), T helper (CD4+) lymphocytes and 
activated (EG2+) eosinophils associated with 
gene expression and secretion of interleukins 
(IL)-4 and 11^5, 11^ 10, and the pro-inflamma- 
tory cytokines GM-CSF and TNF-a.*^''* The 
production of 11^4 and IL-5 but not EL-2 and 
interferon 7 is referred to as the T helper type 2 
(Th2) phenotype. 

Electron microscopic and immuno- 
histochemical techniques are only just be- 
ginning to be applied to examine the nature 
of the inflammatory infiltrate in COPD. In 
bronchial biopsy specimens taken from sub- 
jects with stable COPD and exacerbations of 
bronchitis there is evidence of inflammation 
(fig ll).*'^""'* Similar to the periphery of the 
lung, bronchial mononuclear cells also appear 
to form a predominant cell type with scanty 
neutrophils (in the absence of an exacerbation 
of infection) and, in contrast to asthma, there 
are relatively few eosinophils; the mononuclear 
component comprises lymphocytes, plasma 
cells, and macrophages. Significant increases 
are reported in the numbers of CD45 (total 
leucocytes), CD3 (T lymphocytes), CD25 ac- 
tivated and VLA-1 (late activation) positive 
cells and of macrophages.'^'* There is an in- 
creased number of tissue eosinophils compared 
with that foimd in normal healthy controls 
and it has been suggested that, in contrast to 
asthma, the tissue eosinophils found in COPD 
do not degranulate^^ However, Saetta and co- 
workers fotmd that the numbers of tissue eos- 
inophils were only increased when there was 
an exacerbation of bronchitis.^^^^ The same 
group of workers, together with another, report 
increases in the cell surface adhesion molecules 
associated with such inflammation. ''^^^ Our 
own recent study found few neutrophils and 
eosinophils in bronchial biopsy specimens 
from stable bronchitic smokers with or without 
COPD; as airflow limitation progressively 
worsened T lymphocytes and neutrophils in- 
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Fil^rc /i Histological section of a mucosal biopsy specimen taken by flexible fihreoptic 
bronchoscopy from a patient with an exacerbation of bronchitis. There are large numbers 
of CD45'{' leucocytes infiltrating the subepithelial zone and fewer within the squamoid 
surface epithelium. (Immunostained by Dr Li using the APAAP technique and new 
fuchsin to stain the CD4S+ ceUs red; biop^ specimen kindly obtained by Dr SaettaJ 



Table 2 Fold increases (compared with healthy controls) in subjects with chronic 
bronchitis alone (CB) or with airflow limitation (CB + COPD) and atopic asthma 





CB 


CB + COPD 


Asthma 


CD45 + 


2.2 


2.3 


2 


CD3 + 


2.3 


4.0 


2 


CD4 + 


± 


2.8 


2.5 


CD8 + 


3 


8.4 


2 


CD4:CD8 + 


1:4 


1:2 


3:1 


Neutrophil 


± 


2.2 


-1.5 


Eosinophil 


1.7 


3.5 


93 


Macrophage 


4.5 


8.6 


± 



creased in the surface epithelium as did T 
lymphocytes and macrophages in the sub- 
epithelium. We found that it is the CD8+ 
lymphocyte subset which increases in number 
and proportion in COPD and the increase of 
CD8+ cells shows a significant association 
with decline in lung function.*** This contrasts 
with the predominance and activation of the 
CD4+ T cell subset which is the characteristic 
change of mild atopic asthma. Interestingly, 
the high numbers of neutrophils found in lavage 
fluid from subjects with COPD''^ is not reflec- 
ted in their numbers in the bronchial mucosa, 
at least in the subepitheUal zone (often referred 
to as the lamina propria) which is the zone 
usually quantified in bronchial biopsies. *^'^ 



The relative changes in each cell immuno- 
phenotype in chronic bronchitis or COPD, 
compared with their respective values in 
asthma and in normal healthy subjects, are 
summarised in table 1, Comparative studies 
of the distinct patterns of interleukin and cyto- 
kine gene expression in COPD and asthma are 
now urgendy needed. 



Concluding comments 

Table 2 summarises the main distinctions 
between COPD and asthma. There is evidence 
of inflammation in both conditions but there 
are considerable differences in terms of the 
predominant phenotype and the site and func- 
tional consequences of such inflammation. At 
this stage in our knowledge the distinctions do 
not appear to be absolute. However, the author 
believes that by rigorous recordings of clinical 
data^ careful application of the histological^ 
cytological, immunological and molecular 
techniques now available, it will be possible 
for biopsy specimens of conducting airways to 
provide for differential diagnosis and the moni- 
toring of either disease progression or respon- 
siveness to treatment in both COPD and 
asthma. 

Understanding the funcdonal consequences 
of persistent inflammation and the ensuing 
structural damage/remodelling of airway and 
lung structure is important, difficult, and 
beyond the scope of this mini-review; for a 
succinct summary the reader is referred to an 
excellent article on the subject^ and another 
which outlines the functional distinctions be- 
tween the centrilobular and panlobular forms 
of emphysema. 

The hypersecretion of mucus which char- 
acterises chronic bronchitis has traditionally 
been considered to be irrelevant to the ac- 
celerated rate of decline in forced expiratory 
volume in one second (FEVi) and to the 
disabihty of COPD.^°^* However, even the 
role of this apparently irmocuous feature of 
chronic bronchitis has recently been ques- 
tioned as two relatively recent studies have re- 
ported that sputum volume is associated with 
an accelerated decline in FEVi, increased hos- 
pital admission, and increased mortality.^^®^ 
This is in addition to the undoubted detrimen- 
tal effects of mucus on the stability of small 
airways in COPD.'*^ 



Table 2 Simplified comparison of COPD and asthma 



COPD 



Asthma 



Airflow obstruction 
Post mortem 
Sputum 

Surface epithelium 
Bronchiolar mucous cells 
Reticular basement membrane 
Congestion/oedema 
Bronchial smooth muscle 
Bronchial glands 
Cellular infiltrate 



Cytokines (ISH) 



Progressive deterioration of lung function (? reversible 
component) 

Excessive mucus (mucoid/purulent), small airway 
disease^ emphysema 

Macrophage, neutrophil (infective exacerbation) 

Fragility undetermined 

Metaplasia/hyperplasia 

Variable or normal 

Variable/fibrotic 

Enlarged mass (small airways) 

Enlarged mass (increased acidic glycoprotein) 

Predominantly CD3, CDS, CD68, CD25, VLA-1 

and HLA-DR+ve, mild eosinophilia (not 

degranulated?), mast cell increase 

GM-CSF protein ± IL-4 but not ILr5 



Variable (+ irreversible component) 

Hyperinflation, airway plugs (exudate + mucus), no or 
little emphysema 

Eosinophilia> metachromatic cells, Creola bodies 
Fragility/loss 

Mucous metaplasia is debated 
Homogeneously thickened and hyaline 
Present 

Enlarged mass O^rge airways) 

Enlarged mass (no change in mucin histochemistry) 

Predominantly CD3, CD4, CD25 (II^2R) + ve, 

marked eosinophilia (ED2 + vc) (degranulatcd), mast 

cell increase (decrease in severe/fatal) 

ILr4 + IL-5 gene expression (Th2 profile) 



Reproduced with permission firom reference 89. 
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Stmctural and inflammatory changes in COPD 

Inflammation appears to be present through- 
out the bronchial tree and respiratory portion 
of the lung in COPD. Similarly, there is wide- 
spread inflammation in asthma and tissue eos- 
inophilia has recentiy been reported even in the 
alveolar walls. The involvement of activated 
lymphocytes seems to be a common theme in 
both conditions yet the profound tissue eos- 
inophilia of asthma does not appear in COPD. 
The predominant lymphocyte subsets in 
COPD and asthma appear to be distinct - that 
is, CD8+ and CD4+ cells, respectively (see 
table 1). Whilst there is consequent tissue de- 
struction and remodelling in the periphery in 
COPDj there seems to be a contrasting trend 
towards involvement of relatively large prox- 
imal airways in asthma, particularly in respect 
of thickening of the reticular basement mem- 
brane and enlargement of the mass of bronchial 
smooth muscle - changes which do not occur 
in the large airways in COPD. The airflow 
limitation of COPD has two major recognised 
components: (1) increased resistance to airflow 
due mainly to the inflammatory and structural 
changes described in small airways and (2) loss 
of lung elastic recoil due to inflammation and 
alveolar wall destruction. It has been suggested 
that, when emphysema is mild to moderate, 
small airway lesions assume overriding import- 
ance, but if emphysema is "severe" it then 
dominates the contribution to decreased lung 
function.^^ Interestingly, a report by Hogg and 
co-workers found littie relationship between 
macroscopic emphysema, severity score and 
FEVi and concluded that microscopic em- 
physema and small airway lesions were prob- 
ably most responsible®^ for the deficit in lung 
function^ this conclusion has received lively 
debate.®^ 

As many life long smokers do not succumb 
to emphysema, constitutional factors are also 
likely to be important. Genetic deficiency of 
alpha 1 -antitrypsin is well documented and 
smoking in this group clearly advances the 
onset of emphysema and accelerates its sub- 
sequent progression. Other genetic factors 
such as variation in cellular response to cyto- 
toxicity, phagocytosis, and enzyme release may 
be important determinants of susceptibility to 
cigarette smoke. More recently O'Shaugh- 
nessy and colleagues^'* have suggested that 
airway (and lung) susceptibility to the effects 
of cigarette smoke is likely to be greater in 
those individuals who already have a geneti- 
cally determined low CD4/CD8+ cell ratio in 
their peripheral blood.®® This is a novel expla- 
nation as to why only about 20% of smokers 
might succumb to its deleterious effectsj how- 
ever, the hypothesis requires testing and epi- 
demiological proof. 

Long term studies (soon to be reported) of 
the use of inhaled corticosteroids in COPD are 
currentiy in progress to test the hypothesis that 
airways inflammation bears a relationship with 
the rate of decline in FEVj; if the relationship 
is a direct one then there should be a slowing of 
the rate of decline following attenuation of the 
inflammatory reaction. We await these results 
with interest. 

The author wishes to thank Miss Leone Oscar for her help in the 
preparation of the manuscript. 
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Abstract | 
Background and Metbodf Although patients with . 
chronic obstructive pulmonarv disease iCOPO) should 
stop smoking, some do not. In a doubla-bllnd. pte- 
cebo-controiled study, we evaluated the effect of 
the inhaled glucocorticoid budesonide In subjects i 
with mild COPO who continued smoking. After a six- I 
month run-in period, we randomly as»gned UT7 sub- . 
iecta Imean age, 52 years; mean forced expiratory 
volume in one second (FEV,l 77 percent oJ the pre- I 
dieted value; 73 percent men) to twice-daily treat- ' 
mem with 400 fig of budesonide or placebo, inhaled | 
from a dry^powder inhaler, for three years. 

Rjprtdti Of the 1277 subjects. 912 (71 percent) . 
completed the study. Among these subjects, the me* | 
dtan decline in the FEV, afftef the use of a bronchodi- 
latof over the three-year period was 140 mlln the bu- j 
desonide group and 180 ml in the placebo group | 
(P"0.05). or 4.3 percent and 5^ percent of the pre- 
dicted value, respecovaly. During the first sbc months i 
of the study, the FEV^ improved at the rate of 17 ml I 
per year in the budeaonido group, es compared with 
a decline of 81 ml per year in the placebo group j 
(P<0.001). From nine nHjnths to the end of treat- j 
mem, the FEV, declined at similar rates in iho two 
groups (P»0.39). Ten percent of the subjects in the i 
budesonide group and 4 percent of those in the pla- ! 
cebo group had skin bruising (P<0.001). Newly diag- 
nosed hypertension, bone fractures, postcapsular | 
cataracts, myopathy, and diabetes occurred in less 
than 5 percent of the subjects, and the diagnoses , 
were equally distributed between the groups. I 

ConflmUmt In persons with mild COPO who con- 
tinue smoking, the use of inhaled budesonide is as- ; 
sociated with a small one-time improvement in lung i 
function but does not eppreciably affect the long-tenm 
progressive decline. «N €ngl J Med 1999;340:1948-53.) i 

01998, MMMChutm MttfCPl Socictr. 



changes in the airways and lung parenchyma.' Air- 
way inflammation in COPD differs from such in- 
fUmmadon in asihma.< Inhaled glucocorticoids uc 
successfully used in asthma.* Some snuiies have shown 
an effect of inhaled glucocorticoids on airway in- 
(lammation in COPD.*^ In diis study, we tested die 
hypothesis that regular treatmeot with the inhaled 
ghicocorticoid budesonide would reduce the dcdinc 
in lung function in patients widi miJd COPD who 
continue smoking.^" 

METHODS 

Study Design 

The KUdr wM 1 panDd-group. doottc-blind, pii gbo>am oatd. 
tandonuzcd, nuilckwti midy. Tbotf-nioe itudr oEoim ia nine 
Euiopctti couinria (Bdsiiini. I>eiiinait, Ft&Saod. IcOy. the Necfa- 
crbAdi, Nomray. Spain, Sweden, utd die IJniicd Kiogdoro) pv- 
tiripsttd. AppiwnJ from teguhiofy wd ediio cominttcM» w 
oboined v til ccmm. AQ lubjcco gm^v wrinca infinmed conscni. 

The study sar«d with » nm-tn phstc conauiiig ci s duee- 
momh imokias-ccsanoo pragnm. AU c«eivtd earn- 

iidbrmidmi iboitf die hold! hiwds of »iwkjiig «iid s fwi- 
uig package of nicocioe gum. More exmuive smoking-ccusuun 
progrvm woe cftumnged. In lubjecu who did ooc »p «n»k- 
ing, diis phase wai foOowcd by % rtwce-mondi period dunng 
whkh compiiana wid> mhaied mcdiewioo wu aucsted widi die 
use oFi i^accbo-coiuauung diy-powdcf bdwdcr widi s tiiddco mc> 
chaaka) counter. Subjecn wtw condaucd wnoktng and wete n 
leux 7S pcTOit cfMnpliant with d» recomincndcd ij^ameni leg- 
iiiKn wcfc randflwly awgned u> twict-daiJy ueaanem wi^ 
400 Mg of budeaoaide (Fulmicoft, Artr*. Soockhotm. Sweden) or 
piaccbo ftom a dry-powder inhaler (Turbubakr, Aain) fer duee 
Vean. The primary ouieome nri4>k w» d«e dwoge a«r dmt la 
forced eipinnry •ohirae in one iccond (FEV,) after uie of a 
bronehodiilacDi: 

Subjactt 

F^nou 30 to 6S yean of age were eligible if dwy wtre oirrcntty 
smoking M lease <wc dgaxectes per day and bad smoked rigaretica 
for at leau 10 yean or had a smoking htsusry of at lease $ padi> 



CHRONIC obstructive pulmonary disease 
(COPD) is characicriwd by a progressive j 
and largely irreversible limiudon of airflow. 
Cigarette smoking is the principaJ risk fac- 
tor, and smoking cessation has been shovkrn to dc- ' 
crease the rate of decline in lung funcdon,* but the 
success of smoking-ccssaiion programs is limited.* I 

The decline in lung function in patients uith 
COPD is related to the presence of inflammatory i 
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ycjfi. The FEV, a/ar the uic of J bronchodilator h«d lo be be- 
nvccn 50 peiceni and 100 pctceni d the pwdicted noemti vai. 
uc." and tht raxuj of pfrbrorchodiiitor FEV, ro ilam viul capic- 
icy hid ro be leu ihan 70 pcrcem. The increase in FEV, 4iTer the 
inhalaoon of 1 nig of ierboial»ne from • diy-po«dcr inhaSer had 
to be less ihan 10 pciccm of ihe predicted nomul value The 
change in FEV, between die end of rhe Sni ihrre-month penod 
of the fun-in pha»c and ihe end of ihc >ccond had to be ku Ciwi 
IS percent. Subicco wiiii a history of asthma, aJltrgic rhinitis, or 
ailei^ eciema and ihosc who had used onl ghLCOcorcicoixi] for 
moic ihm four weeks dunng the preceding su monihs were ex- 
cluded. TTve use of inhaled glucocorticoidi oiher liun the study 
mcdicadon. bea-btockert, cromoncs, or long-Kting inluled /I,- 
tdiencrgic agpntsa w-as not allowed. 

Outcome MoBsiim 

CUnie Vftilt 

The «ub|ccu wcie teen at the clinics every ihrtc monihf for ipi- 
romcur u»d eraluarion of smoking habiu, compliance with med- 
ication, and wfery-relatcd wftable*. AT sclecied ixntcn, btwie den- 
wry wis mcauiicd before ueaanem and alter 6* 12, 24, and 36 
moatha. Spine radiognpht were obiaincd befiwe and u the end 
of treaimenr. 

SptramtrVy 

Each center wai iupplied wiih a dry roUing >eal spironiccer 
(model SMI HI, Spttomeirka, Auburn, Me.). The criteria of ihc 
American Thoracic Society*- *vcre used lo determine FEV;. All 
tcdtnidans attended an uuiial training session about the spirom* 
ctcr and dw uchniquet id be used. Thcicaftcr« regular visits were 
made by a monitor to check the calibration of the spiromew and 
to monitor rhe technique. 

Spixotnctiy was performed with the subfect seated and wearing 
a nose clip. At recruitment and u che end of die tnidy, slow vital 
cap»3Cy and FEV, were measured after at least 6 hours without 
inhaled bconchoddaion and after 24 houn without oral broncho- 
dUaion. Three technically adequate and two reproducible maneu* 
vers were tequiied for the meaMircmcxu of slow vital capacity ind 
FEV.. The largest «»hie» meistwed for daw viial capacity and FEV^ 
wcic accepted, provided the tecond largest measurement was 
widitn O.l Bier or S percent of the laf^est mcaauiement. At all 
dink visfw, FEV, wai obtained IS minute* after the inhalatioa of 
I mg of terbaialine. Values «-erc correaed for body icmperanire, 
imbicm pressure, and water saiuniion and compared with die 
reference vahm of die European Commumty for Coal and Steel." 

Safety Studies and Sarvm AriMlftit 

M each visit, subjens were ipecifically asked whether they had 
icccsvcd a diagnosis of glucocorricoad reiated diseases or coodi- 
ooof such as iiypertemion, bone fraaurcs, posterior subcapsular 
catancts. myopathy, or diabetes in the preceding period. The 
number of ikin bnraci larger than 50 mm in diameter on ±c vo- 
lar side of the foreanns was noted. All other advene events were 
itcofded. Serious advcrtc evenn were those that were judged by 
the investigaton to constitute a hazard or handicap to the subject. 

Uicral ihoradc and lumbar spinal cadi(>graphs were obtained 
with standard values for target-to- 61m distance and ccnrcring. 
The films were tent to » central cvaluator who was unaware of the 
treitmeirt received and were anaJyeed according to a snnd arditcd 
compurcrixed protocol. The presence or absence of verwbral frac- 
nires ai base line was detcrmuicd by comparing each subject's base- 
tine vertebral height ratio with reference values. A new fracture 
was defined as a itducnon of at least 20 percent, wid> an absolute 
decrease of ir least 4 mm, in the height of any vertebral body.-' 

We measured the heme mineral dciutcy of the lumbar spine (L2 
to U). the I'cmoral neck. Ward's triangle, and she trochanier by 
dual-enersy e-rav absorptiomeiiy with a densitomeur (model 
QDK IOOO. Hologic. Waliham. M«*.. or tnodel DPX L. Unix, 
Madison, Wis.). The quality of the insuumcnu was assessed before 



and :hen monthly during the stuiiy by a.n catcmal o»ipj»»"«'0" 
I ; Bona Ftde. Madison, Wis J. 

I At randomiution a blood umplc was taken :o :eai soi Igt »«• 
Hbodks (ruadiatop. PiurmacU 3t L'piului. Uppsala. Sivedeiij. 

i Statistical Analysts 

The sample size was based on an esnmared standard deviation 
, of die mem slope of the FEV, of 100 ml per vear according to j 
I previous study," a wirhdrawaJ rate of 40 percenr. and a pt>wcr 01 

80 percent to detect a diiTerence in crcsimrni response of 20 ml 

per year. Dan on the randomized vubjecu »vcre analyzed on *n 
I imcnnon to- treat basis. Sixrdcnt's t test was used to compare 

rreatment groups with resoca to normally distributed variables. 

ind the Wtlcovon rani tum ten *vas used for other variables. Hw 
I te»t y**^ compare categorical vaiiaWcs. Difrerenccs ^vcrt 

• assessed with :wo-tided rests, wuh an alpha ievel of 0.05. 

Several modds were uicd va assess the serial changes in the var- 
j tables of inierttr in the longitudinal daia. Fini. the change m the 
I wtablcs o%-er time %vas eiamined graphically. C'luveighted 4nd 

weighted inoivtdual te^icssion lines of the variable ot interest 
j Against ome were used to cstunarc the do^es lor each tubiee:. 
' The weighted regression lines were estimated by linear- iwixed- 

c^ecu modeling,** " with intercept and dmc in the model as both 
) Ited and rundom etfects. Tiie dopes we« calcuUied for various 
I pcrwii wid» toadficadon according to confounders. etTcci moa- 

ifiers, or both, and were compared between treatment groups. 
, Piccewisc linear regresswn analysis of FEV, againsr time wiihm 
' the budcsonide group with a U near- mixed eifecn model shu^ved 

1 best fit with one breakpoint after three or sia months of treat- 
I fncm and Btted significantly ocncr than a model that assumed 

• linearity over die whole study pcnod. The ii«dy penod was dwrc- 
fore paniiioned into two periods. The best tit wu determined 

i with the likelthood-ratio :est for nested models or with Akaike s 
' information critcnon statistic.'* 

The data are presented cither ai abioluie changes ft>r aII sub- 
: jec» who were in the study at a certain time or as unweighted 
slopa <Hi the tntentksn- to- treat population. These dau arc pre- 
I tented as median values, since their distribution was not normal. 

I RESULTS 
! From January 1992 to July 1993, 2157 potential 
subjcas were recruited ac chc participating centers, 
j Of these, 462 were found to be ineligible, and tlic re- 
I maiiting 1695 were cnroUcd in die smoking-ccssation 
program, during wliich 169 (10 percent) stopped 
j smoking. Of the remaining 1526 subjects, 1277 («S4 
I percent) were compliant with the inhaled medica- 
uon. continued smoking, and were randomly assigned 
I to trcaunem f643 to pJaccbo and 634 to budeso- 
mdc). Nine hundred ^vclvc subjects {71 percent) re- 
mained in die study for three years. During the 
I jcudy, 198 subjects were withdrawn because of non- 
■ compliance with the study procedures, 132 were with- 
I drawn because of adverse events, and 35 were lost to 
' foUow-up. resulting in 176 withdravvals from ihc bu- 
dcsorudc group and 189 from the piaccbo group. Tlic 
I reasons for withdrawaJ wcrr similar in the two groups. 

The base line characteristics of the subjects in the 
I tu'o groups xvcrc similar (Tabic 1 ). The mean age was 
! 52 years; 354 (27 percent) were women. The major- 
iiy had btrcn i)cavy cigarette tmokcrs for many years 
i and had mild, poorly reversible airflow linutanon. 

The subjects had decreased their cigarette consump- 
I don during die six monihs before randomization ( to 
I a mean of 18.8 and 17.3 cigarettes per day, respcc- 
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Tabu 1. Saje-Une Chaaacierjstics or tkf 

1277 Sutltcn AT E:*IlOUME.VT.' 



All Subjeas Treated 



Pv>cr*o 

(N«6A3) 

52.4 i7.7 

72.2 
I73r9 
73.9iU,6 
2.S4 20.64 
76.9213J 
617*7.0 

39.2S20.I 
16.4SS.8 
3S9r8.3 
22.4&U.I 



52 Si7 5 
73 5 

l7Sr8 
7V7*t5,2 
2.53=0.64 
76 J± 13.4 
624S6.8 

2.9£J8 
39.4220.1 
16.8:1.9 
2S.8±7.8 
22.0S9.8 
18.8:11.1 



18.9 



17,7 



Cmauctiiwtc 

Mak in 
Hcistu (cm) 
VVcrghi 

PicbroKhodiJwor FBV. (litm) 
Pitbfoof hodiUiw FEV, {% of picdKicd) 

FEV,:SVC 

RcwmbUiiv of FEV, (% of prtdicKd:! 
Ptck>yan of wnokine 
Age when Mined wnoltir.| (yr} 
DuriKion of nwluiig (yr) 
SmoUng n entry (m. oTdsncnei/dJir) 
Smokine «r rxndasmjtion (no. of 

rtprcna/div) 
POflTm Phadiitop try {%M 

'?!M-minui »«hitt *ft mew sSD. FEV. denoeet foiccd c«pirttorT 
volume m one second, and SVC ilow vitii upacicr 

tTTiit varisbk ««i mcaxurrd *hn Otc inAaladon of 1 rng of ccrbutaiinc. 

jTbe Phtdnnp len detKoTHe presence iiTierwn of IfiE amitoodic« to 
« paiicJ of conmKM inhaUm aJkrgcnk 



lively^ in ihc budcsonidc and placebo groups at ran- 
donuzition). An increasing number of subjccu in 
boxh ireatmcni groups reported quitting smoking 
during the treatment period. Ar the end of the study, 
approximately 10 percent of the subjects (9.1 per- 
cent of the budcsonidc group and 11.2 percen t of the 
placebo group) reported not smoking during the 
previous six months. 

Changes in FEV, Valuo «Ker Broncho dilator Use 
over Time 

The changes in poscbronchodilator FEV, over time 
differed between the two ircaimem groups (Fig. 1). 
The placebo group showed a linear decline in FE\', 
over time, with a slope of -65 ml per year. In the 
budcsonidc group, the FEV, improved over the firsi 
six months ai a rate of 17 ml per year, as compared 
with a decline of 81 ml per year in the placebo group 
(r<0.00i). Howcx'cr, the slopes from nine months 
10 the end of treatment were similar in the two 
groups: -57 ml per year in the budcsonidc group 
and -69 ml per year in the placebo group (P = 0.39) 
(Tabic 2). During that pcnod, 55 percent of the 
sub|ects in the placebo group had a rapid decline in 
FEV, (more than 60 ml per year), as compared with 
49 percent of the subjects in chc budcsonidc group 
(P=0.06). In the 912 subjects who completed the 
study, the median decline in FEV, over the rhree- 
vxar period was 140 ml in the budesonide group and 
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180 ml in the placebo group (P=0.05). or 4.3 per- 
cent and 5.3 percent of ihcir respective predicted 
values (P = 0.04).»- 

Budcsomde had a more bcncficijl ciTect in sub- 
jects who had smoked less (Fig. I). Subjects with a 
history of smoking chat was at or bclotv the median of 
36 pack-ycirs at enrollment hid a decrease in FEV. 
of 190 nil during placebo treatment and of 1 20 ml 
during budesonidc treatment (P<0.001). The loss of 
FEV| in three years among subjects with more dun 
36 pack-years of smoking was 160 ml during piaccbo 
treatment and 150 m\ during budesonidc treatment 
(P = 0.57). Analysis of FEV, slopes indicated ihdt age, 
sex, base-line FEV^, the presence or absence of se- 
rum IgE antibodies, and reversibility of airflow lim- 
itation had no significant effecu on the outcome of 
treatment. 

Similar percentages of subjects stopped smoking 
in both treatment groups; thus, stopping smoking 
did not explain the difference in the change in FEV, 
between the groups. When we compared the change 
in FEV, between the subjects who continued smok- 
ing at die same rate and those wiio cither decreased 
their consumption by more than five cigarettes per 
day or stopped compleldy, we found a nonsignifi- 
cant trend toward a beneficial cftcci in addition to 
the cffea of budesonidc. 

Sid* Effftctt and UUty 

More subjects in the budesonidc group had skin 
bruising (Tabic 3). In total, 10 percent of subjcas 
in the budesonidc group and 4 percent of ihose 
in the placebo group had bruises during die study 
(P<0.001). The highest prcN-alcnce of bruises at ajiy 
visit was 4.9 percent in the budesonidc group ajid 
1.4 percent in the placebo group. 

Bone density was measured in 194 subjects (102 
in ihc budesonidc group and 92 in rhc placebo 
group). There was no significant change over tunc 
and no significant effect of treatment on bone den- 
sity, except for a small but significant difTercncc at 
the femoral trochanter in favor of budesonidc. The 
yearly decline in the bone density of the trochanter 
was 0.38 pcrccnc in the placebo group and 0.04 per- 
cent in the budesonidc group (P = 0.02). 

Two sets of radiographs of the spine were assessed 
in 653 subjects, 185 women and 468 men. At ran- 
dornizaxion, 43 in the budesonidc group {HA per- 
cent) and 38 in the placebo group (U.5 percent) 
had at least one vertebral fracture. During die study, 
new fractures were unusual (three in the placcoo 
group and eight in the budesonidc group) and were 
simUarly distributed (P=0.50). 

Newly diagnosed hypertension, bone fractures, 
postcapsular cataracu. myopathy, and diabetes oc- 
i currcd in less than 5 pciccnt of the subjects and were 
' equally distributed between the groups (data not 
I shown). 
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Serious Advme Events 

Serious adverse events x^xrc equally distributed bc- 
nvccn the groups (Table 3). Sevcnt\' patients in the 
budesonide group were u'ithdrawn from the study, as 
compared with 62 in the placebo group (P«=0.5l). 
More subjects in ihe budesonidc group withdrew 
from the study because ofnonserious adverse events 
(35, \-$. 23 in the placebo group). mainJy oropharyn- 
geal candidiasis (8 in the budesonidc group and none 
in the placebo group) and local irritation of the throat 
or dysphonia (8 in the budcsonide group and 2 in 
the placebo group). 

DISCUSSION 

Patients with COPD must always be advised and 
encouraged to stop smoking, and they should be of- 
fered treatment programs to fociliutc smoking ces- 
sation. Nonetheless, some paoenis condnue to smoke. 
In such paticnrs with mild COPD, wc found thai the 
use of inhaled budesonidc was associated with a 
small, onc-cimc improvement in the FEV^ after bron- 
chodilator use, but that it did not appreciably affect 
the long-term progressive decline in lung fiinction. 

In ihc placebo group, the postbronchodilaior 
FEVi declined by a median of 180 ml over a period 
of three years, the median slope being -65 nU per 
year. In the budesonidc group, the median decrease 
in FEV, over the three years was 140 ml. The benefit 
of budesonide was limited ro the inidaJ six months 
of iftaiment. The beneficial effect of budcsonide 
was greater in subjects with a history of fewer pack- 
yean of smoking. 

We studied subjects with mild COPD (mean FEV^, 
77 percent of the predicted value at base line) and 
a history of moderate to heavy cigarette smoking. 
These characteristics are similar to those of the pa- 
tients in the Lung Health Snidy.» Wc attempted to 
exclude subjects with asthma by elinuniting those 
with a history of asthma or any other atopic disease or 
with reversible airflow Umiution. The presence or 
absence of lg£ antibodies or the degree of reversibility 
of the airflow h'mitation did not influence the effect 
of budesonidc. The decline in FEV. in the placebo 
group corresponds with findings in other long-term 
follow-up studies of COPD.» «»-» 

Most studies of glucocorticoid treatment in pa- 
tients with COPD have examined short-term effeas 
on airflow Hmhaiion.*-** " '' Results have been vari- 
able, but several snidies ha\*e found an increase in 
FEV| alter treatment with oral or inhaled glucocor- 
ticoids." The change in FEV, during the first 
months of our study is in line with these findings. 
Few smdics have cnmtigated the eRecr of glucocorti- 
coid treatment on the long-term change in FEV, in 
paiicms with COPD. Two retrospective studies sug- 
gested that daily treatment with prednisolone might 
slow the progressive decline in F£V,.»-*» In a small 
group of patients with COPD who had previously 



' been created with bronchodilators, DompcUn^ et 
al,i)J< observed that daily treatment with 800 ^g 
of beclomcthasone was associated with an increase 
in prcbronchodiiator FEVj during the first 6 months 
of treatment, followed by a dedine during dlic re- 
maining 18 months of the treatment period. In a two- 
year controlled study in a small group of patients with 

• COPD, Renkema et ai.*^ did nor find a significant ef- 
fca of treatment with budesonide (800 ^ twice 
daily alone or in combinauon with 5 mg of prednis- 
olone daily) on the decline in FEV,. 

We also examined the side effects of inhaled glu- 
! cocordcoids in a group of middle-aged smokers. An 
increased prevalence of skin bruising in paticnu treat- 
ed with high doses of inhaled glucocordcoids has 
been reported in cross secdonal studies."''^ In our 
study, the budcsonide group had an overaU incidence 
of skin bruising of 10 percent, as compared with 
4 percent in the placebo group, with a maximal piev* 
alence at any time of 4.9 and 1.4 percent, respcct3\Tly. 
There was also a higher incidence in the budesonide 
group of oropharyngeal candidiasis and local irrita- 
tion of the throat, both well-known side effecu of 
inhaled glucocorticoids. Wc found no significant 
effea of budesonide on bone density or the firacrure 
rate, although all subjects were smokers and many of 
the women were postmenopausal — both of which 
are well-known risk factors for fracture. 

The overall effea of three years of treatment with 
budcsonide on FEVj in subjects with miJd COPD 
who continued smoking was quite limited as com- 
pared uith the beneficial efifects of inhaled glucocor 
ticoids in asthma. Although the base-line FEV, is 
, significantly related to the prognosis of patients with 

* COPD," we cannot extrapolate our findings to assess 
the potential effect on disability or mortality. The 
small, overall, one-time beneficial effect on pulmo- 
nary function and the possibly more pronounced ef- 
fect in the subgroup of those who had smoked less 
must be balanced against the risk of local and sys- 
temic side eilects. 
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Inhaled steroids in COPD 

Sae page 773 

Chronic obscructive ' pulxnoaary diseise (COPO) is a 
huge health problem in lenns of morcality and morbidity. 
Li ibc UK, in the 3-ycar period 1990-92 the numbcn of 
deaths atthbucabte ro COPD were 5 1 500 for men over 
65 and 30000 for women over 65.* These numbers far 
exceed the 1500 to 2000 deaths per year from asthma in 
the UK. In terms of hospiul admissions for adults, 
COPD is a much greater burden on the health service 
thaa is asthma. 
- Ovcir 'the past 10 years there has been a substantial 
cbaage in 'the maxugemenr of "astfamaj widi the 
introductioD - of managemen: ' guidelines and iheir 
emphasis on the use of inhaled cortxcostetoids in all 
patiena except chose ' with mild asthma.' ■ These 
recoaametuiaiioos are firmly backed by dau from many 
clinical trialtl 

Inhaled steroids improve pulmonary functioti ai:d 
symjstoms in asthma, enhance quality of life, prevent 
aUergen-ifiduced bronchooonsTOOon in atopic patients 
and, v/heo used chrotucally, increase exercise capacity. 
Aa emphasis in recent trials has been on the ability of 
inhaled conicosteroids to prevent exacerbations or 
worsening of asthma,' and it is this efifect that accouan 
for die. ability of these agents to prevent hospital 
admissions and for the incrtasing circumitanual evidence 
Lhat inhaled corticosteroids decrease the asthma death 
rate." 

This clinical-trial evidence is supported by research 
into the effects of inhaled cqrticostecoids oo the 
pathology of asthma. Airways inflammation in asthma is 
' characrerised by an increase in CD44ymphocyte count, 

• an increase in eosinophil count, a smaU increase in mast- 
ceU count, thickening of the basement membrane, and 
disniption of the airway epithelium. Inhaled steroids 
cause a decrease in the number and state of aciivation of 

. Cp4 cells^ eosinophils, and mast cells and restitution of 
ihe normal airway epithelium.' There is less evidence diat 
thicy reverse subepithelial fibrosis. 
• The evidence mat inhaled conicosteroids axe ox benefit 
in • COPD, cither clinically or pathophysiologicaUy, is 
scanty, yet • these agents are • widely : used in • the 

' management.of this disorder. This discrepancy is pardy 
due .to. the .ineviuble diagnostic confusion between 

• asthma in the elderiy ard COPO. Another reason is that, 
faced with a patient for whom few other treatrheca are of 
dearie beneftr, physirtans wi:l cry a treai.'ner.c they 
iudge to be safe', even if the likelihood of benefit is low. A 
third reason is that during acute exacerbadons of COPD 



systemic steroids may speed recovery, an eifea that is 
taken as evidence thai steroids will be of help in that 
individual in the long term. 

In recently published guidelines^ on the management of 
COPD, inhaled corricosteroids are recom.'aended only for 
those patieou who show a dear objecdve response to a 
formal trial of either oral or high-dose irJkaled steroids. 
For an unsctected group of patkna with COPD, .a 
positive trial of steroids is defined as a 15% increase in 
.baseline F£V,, widi an absolute increase of greater than 
200 mU A changie of this magninide is seen in 10-13% 
of patientt widiCOPD. * Z ;^^^ ' . - 

COPD is a clinical descrttTcive teca for padean, roosuy 
elderly, who have airflow obstrucdoii that is not relieved 
completely with therapy. It if caused by at least three 
distinct pathological, proceues* • which may occur 
separately . or, in many patients; conotfrently. These 
processes are descnicdon of . alveolar waUs causing 
emphysema, chronic bronchids with hypersecretion of 
mucus, and chronic asthma.' Hierc are few in:dies on the 
aitway pathology of COPD. but the pa'Jiologicai fean^res 
are distinct from chose of asthma. In COPD there is a 
predomitunce of CDS ceUs, an increase in number oc 
neutrophils, no thickening of the basemen; membrar.e, 
and no evidence of disrupdon of the airway epicheiiu.'n, 
but there is an increase in squatnous metaplasia. 

It is commonly thought that the 15% of patients who 
respond to steroids represent a group .wi*i: a substantial 
chronic asthmanc component. This view is suppbned by 
a study* that" showed chat' in padencs with a- clinical 
diagaosis of COPD, those' widi biopsy feanirts of asthx:ia 
(high number^ of eosinophils and ihickecing of the 
basement membrane) weic the ones who improved Aviih 
highrdose prednisolone over 2 weeks.The limited ouniber 
of smdies of ^..thc .efifect of -steroids on airwajrs 
infUnunacion in COPD .has 'shown litUe evidence of an 
acute and-iiiflUnunatofV e^ • although, .'ih^ ' 
' some effect^on * airway prow iMkigc.J^Tikcn^ 
the evidence'suppons 'thc>ccotMendadon''m 'the COPD 
guidelines that patieno who shW a dcBnizz respc-ar ib 
steroids Cp^umcd "to -be' those' with a" component of • 
as'Jmia .to their disease) .should be ac«cd with inhaled 
coricosicroids. tlieyunanswc^ question is.how-iojilcal ' 
widi the remaining" 80-90% of parieno who jdo not show 
a clear-cut /respoiwe ^o steroid^. 
witt.'floi hive;much/im^ 

vviih corucosiCToidi'so oiw be' 
•Survival in COPD i:onelarcs iavcrsely'.wi'Ji FEV,, and 
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any crutmen: cha: slows the accelerated drcline in FEV, 
tA COPD wilt be liksly to reduce moniticy. One qucicion 
(hac ii the lubjecx of at least two large-scale studies is 
whether tnhaJed corticosuroids slow the decline of FEV, 
in pitients with COPD. The EUROSCO? study is 
invesdgaong this issue in mild COPD.*' Inioil results 
suggest that any effect is small and uansicory. The 
ISOLDE study is iavesdgadng the quesdon in a group of 
padenu with more severe COPD.'* In shorter-tertn crials 
ic would be sensible to look at outcome measures such as 
prevenuon of exacerbadons o: COPD (which are a 
coounon and imporunc clinical problem), exercise 
capacity, and quality of life. 

The study reported in today's Lancet i& a comparison 
of the effecu of high-dose inhaled steroids (fluiicasoxK 
500 |ig twice daily) \vith placebo over a 6-moath 
treatment period. The primacy outcome variable wb& the 
exacerbation rate, with secondary outcome variables 
being symptoms, pulmonary iuncdon, 6 min walking 
distance, and breath lessncss. The overall ra:e of COPD 
exacerbations was lower than had been predicted &om 
pilot studies, and no significant difference was seen 
between the groups. However, there seemed lo be a shiit 
in severity of exacerbadons. with fewer padeou in the 
active-creauneni group having severe e.tacerbadon5. This 
possible' effea of inhaled srsroids in COPD needs to be 
investigated. There was also a small but clinically 'and 
stadsdcally significant improvement in peak expiratory 
fiow rate of 13 Umin in the tnhaied-steroid group, and 
this finding was supported by small iaiprovemencs in 
spiromecry»' symptoms, and waUdng distance. The 
individuaU recruited had moderately impaired p\ilmonary 
funcdon, with less than SVa reversibility in FEV, after 
bronchodilator and no evidence of blood eosinophilia, 
which ms^t indicate asthma. The only predictor of 
response that the tnvcsdgacon found was s dtuin'on of 
COPD of greater than 10 yean. This eariter onset of 
symptoms among rcsponders could be interpreted as 
being due to the co&cribution of a component of asthma 
to their airflow obstruciioo. 

The study did cot invesugate lower doses of inhaled 
atecdids, which tnay alto be efSeetive. There is no 
indicadon from the data of a loss of activity over 6 
months, but further snidies looking a: the duradoa of any 
effect are needed. 

What lessons for cUnical pracdce and research can be 
drawn from this study? There should be no change in the 
recommendadoo in the COPD guidelines that patients 
who show striking response to oral or inhaled 
cordcosierotd should be treated wi:h inhaled steroids. 
The study shows chat a small absolute improvement in 
pulmonary function is associated with clinical benefit in 
terms of symptoms, exercise capacity, and possible 
severity of exacerbanons. If that is so, a reasonable 
approach would be to lower the threshold for concluding 
that a ' padent's L'lness has undergone a clinically 
important , improvement with inhaled s;croids. If after 
several months of trea^nen: widi high-dose inhaled 
steroids, peak flow improves by 1 5 UrrSn or more and the 
seventy and the number of exacerbations fall, the padcnt 
should con'dnue on inhaled s:eroids. If these variables .do 
not improve,- there is no compelUng reason to condnue 
with inhaled steroids. Since it is diSicuI: to demoiutrate 
clinical predictors of response, en siea chat may justify 
further invesdgation is • whedier pathological 
appearances^spedaUy eosinophils- or thickened 
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base.T.cn: ms.Tbrvne^-shoufd be used to predict * 
response. 

Tne broader implicadon of this study is ihs: ih: 
current ueatmcn: of COPD remains extremely 
ur.sausfactory. Obviously, avoidance o: ccssaaon of 
smokjr.g is the key to improving the outlook for parien:s 
wi± COPD. However, even if pauenu succeed in givir.g 
up smoking, there will sull be ma.ny symptomadc paticnis 
tor the forseeable future. It is Weal that understanding of 
the ba$:c mechanisms in COPD improves. Prcsc.-.t 
cvids.ice suggests chat inx^ammadon prcscn: in COPD is 
pooriy responsive to steroids o: that, unlike asthma, diis 
airways i.-u,ammadon is not the primary problem in die 
disease. New treatments for COPD are urgendy 
required." 

N C Barnes 

Deoantre.-.: of R«spirat9ry .Matfcne. lonoon Chest Hssoitai. 
London 17 9JX. LM 
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MEETING REPORT 



Highlights of a symposium on chronic obstructive pulmonary 
disease held at the National Heart and Lung Institute, 
London, July 7-8, 1998, 



COPD: New Developments 
and Therapeutic Opportunities 



by Peter Sorman 



Al'a&cinatins meeting on chron- 
ic obstructive pulmonary dis- 
ease ICOPO) was arranged by 
Profs. Pcier Barnes and Neil Pride, of 
the National Heart and Lung lnsiirute» 
London. U.K. (NHLI), to highlight the 
growing significance of COPD. to 
emphasize ihc paucity of our knowl- 
edge of the disease mechanisms and lo 
address the problems of treating the 
disease. Tu (his end. the deficiencies of 
current therapies and potential novel 
approaches were discussed. 

The disease 

Peter Barnes gave the introductory 
lecture. COPD is a disease character- 
i-ted by iiTcversible airways obstruc- 
tion and encompasses both chronic 
bronchitis and emphysema. It has a 
major economic impact, being respon- 
sible for 10- » 5% of sickness benefit in 
the developed world. Ii is responsible 
tor 25% of deaths in the United States, 
and the WHO is currently predicting 
lUai it will be the ihi»-d major cause of 
deaih in the world within 20 years. 



Summary , . . 

The deficienaes of current therapies ana me potential benefits of novel approacn- 
es to chronic obstiuctive pulmonary disease (COPO) were reviewed at a sympo- 
sium organized at the National Heart and Lung institute. London. U.K.. July 7-8. 
1999. Several speakers discussed diilerent facets of the disease. The keynote 
lecture dealt with two major, but distinct themes: the utility of computenzed tomo- 
graphic scanning as Ooih a quantitative and a qualitative tool and the recent 
obsen/ation that retinoic ac»d could produce new alveolar growth, emanating from 
duas. in hamsters when it was administered after instillation of elastase. 
Regarding current therapeutic approaches. bronchodUators are me mainstay ol 
existing therapy while the use of mucolytics varies markedly between countries. 
The role of steroids in the treatment of COPO is confused. There is surprisingly lit- 
tle evidence of any clinical benefit from me use of antibiotics. Potential hjlure ther- 
apies include Mj-selective muscarinic aniagomsts. chemoiactic mediators, pro- 
tease inhibKors and antotnflammatoiy agems. » t99e pious scwct. ah Af^ reserveo. 



pmf. Barnes was the first of sever- 
al speakers to show a slide based on 
the work of Fletcher and Peio illus- 
trating the progressive decline of 
forced e.\piratory volume (FEV,), a 
measuir of lung function, with age. by 
25 ml annually in nomial subjects. 
This is substantially accentuated by 
smoking, albeit in only a proportion ot 
smokers, and this progressive decline 
in lung function eveniually results in 
death. Smoking cessation results in a 
slowing, but not a reversal, of this 
deierioracion. 



John Britton (.Moltinghain 
University. U.K.) considered the dis- 
ease's epidemiology. Currently it is 
substantially more prevalent in men 
than women, but this is attributed to 
the historically lower profStlcncc of 
smoking in women. Changes in smok- 
ing patterns suggest such differences 
will .soon disappear. Smoking is the 
primary nsk factor aJthOusih 
both passive smoking and heavy expo- 
sure to dust, for c.\ample. in coal min- 
ers, are additional risk factors. Tliese 
risk factors result in COPD being a 
disease of late middle and old age. 
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occurring only rarely in the under«lj 
population. 

There are pronounced geographi- 
cal differences in ihc incidence ot 
COPD. Ii IS most common in Nonhcm 
and Easiem Europe wuh prDgrtssive- 
ty lower Irequcncics in die United 
Slates. Mediierranean Europe and 
Japan. While such dilTcrcnces may 
be partially explicable due to dif- 
ferences In diagnosis, there are pre- 
sumed to be genetic factors also 
involved. Curremly the only known 
contriburory factor la; a i -ami protease 
deficiency. 

Diffcrcm facets of the disease were 
reviewed by Peter Jeffrey, Terry 
Tctlcy. Duncan Rogers (all NHLI) and 
Rob Siockley (Queen Elizabeth 
Hospital. Birmingham. U.K.). while 
Trvvor Hansel iNHLI) highlighted the 
problems of designing approprialc 
clinical trinls. These ideally require Ihe 
identification of relevant surrogate 
markers and befier-defined endpoinis 
than small changes in the rate of 
decline of FEVj for the long (iwo- co 
three* year> phase III studies. 

Although It can be difftculi to dis- 
tinguish between asthma and COPD 
on the basis of lung function measure- 
mcnis. ihcrc are major differences in 
che lung pnthology. Bronchitis is char- 
ucieri^ed by damaged cihn. goblei cell 
hyperplasia and mucu.s hypersecretion 
with sicnosed small airways but com- 
paratively little epithelial damage. In 
emphysema, there is substantial 
mtlammaiion of the peripheml air- 
ways accompanied by significant aci- 
nar damage. In both conditions there is 
extensive infiluracion by CDS-*- lym- 
phocytes, with a ninefold elevation of 
lung macrophages and a 1 00- fold 
increase in neutrophil levels, predom* 
inantly wiihin the epithelium. 

Associated with this elevation of 
nsmrophili are significant increases in 
inierieukin-S ((L-8) levels and an 
increase in proteolytic enzymes, prin- 
cipally neutrophil elastase but also 
matrix mcialloproieascs (MMPs). A 
key. unanswered, question is which 
factors are predictive of a predisposi- 



tion to COPD Thus, studies examin- 
ing cell markers in smokers should 
only sec pronounced changes in a frac- 
tion (10-20%) of the patients exam- 
ined, chemotactic activity in spu- 
tum from smokers falls into this 
category, whereas levels of a number 
of proteolytic enzymes (cathcpsrn L. 
collagenase and gelatinase B) arc gen- 
erally elevated in all smokers. There 
are also some data suggesting that the 
cytokines IL-I and tumor necrosis fnc- 
tor-a are involved in the disease 
pathogenesis. 

Excessive mucus secrcuon is a 
symptom of the disease, but does not 
appear to be a causal factor. The pres- 
ence of excessive mucus allows bacte- 
rial colonization, facilitating exacerba- 
liuns, in addition lo obstructing the 
airways. Once the disease is estab- 
lished, both mucus hypersecretion and 
mucous cell hyperplasia are observed. 
While mucolytic agents have the 
potential to improve mucus clearance, 
truly elTeciive agents are not available. 
Two mucin genes. Mt'CSA and 
.VlUCSB, appear to be of major signif- 
icance in the airways, but their regula- 
tion is not yet understood. 

The keynote lecture was presented 
by James Hogg (VaiKOuver, Canada) 
and dealt with two major, but distinct 
themes. He first addressed the utility 
of computerized tomographic scan- 
ning both as a quantitative tool to eval- 
uate the progression of the disease 
and. more qualitatively, ro facilitate 
idemificauon of nonfunctioning areas 
of the hing that might be removed in 
lung volume resection surgery. 

Until recently there has been no 
evidence thai therapeutic iniervcniion 
might be able to reverse, rather than 
halt, the destruction of luns tissue. The 
second pan of Or. Hogg's talk 
addressed the recent observation by 
Donald and Gloria Massaro that 
letinoic acid could produce new alve- 
olar growth, emanating from ducts, in 
hamsters when it was administered 
nfier in.^( illation of elastase. Precise 
mensuremeni.<; are required ro observe 
functional changes in this model. 



Dr. Hogg suescstcd that the 
changes in the ratio of lung surface to 
volume mirror chose observed early in 
clinical emphysema. Identifying the 
critical transcriptional mechanism^ 
involved will undoubtedly become a 
major research effort, given the signif- 
icance of the observations by the 
tMassaros. However, he did suggest 
that it would be desirable to repeat 
such observations in an animal where 
alveolar growth stops at birth, such as 
the guinea pig. which would better 
model the human condition, where 
growth scops at four years of age. 

Current therapy 

An overview of current thcrapcuiic 
approaches to the treatment of COPD 
was provided by Philip Ind (NHLI). 
while Peter Calverlcy (University 
Hospital. Liverpool. U.K.) considered 
aliemaiives to pharmacological inter- 
vention. Net! Pride (.\HLI) reviewed 
the evidence from recent long-term 
clinical studies with inhaled steroid.? 
and Robert Wilson (.NHLI) addressed 
rhe role of antibiotics in che treatment 
of exacerbations. 

Bronchodilaiors provide the main- 
stay of e.MSiing therapy, and both 
inhaled muscarinic amagonists (g:rner- 
ully ipratropium bromide) and 
agonists are routinely employed. Tlitr 
effects of members of these two class- 
es are additive, and they are now often 
administered as a co<nbinaiion prepa- 
ration. A more receni alternative is the 
use of q.i.d. ipratropium plus a lung- 
acting P>- agonist. While theophylline 
has beneficial effects, us ase in elder- 
ly patients is often constrained by side 
effects. 

The use of mucolytics varies 
markedly between countries. Because 
of their questionable efficacy, the 
.'ivailabilily oi ihe.se drugs is often 
restricted by regulatory authorities. 
However, there is some evidence sub- 
siamiaiing the eiTicxy of iV.acetyl- 
cy.<tteine. 

The role of steroids in the treat- 
ment of COPD is confused. It has been 
commonly held that they ate ineffec- 
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live, but 1 1 icy Ate comnifuily pre- 

Inlvalcd tovntulaiions arc dcviancd tor 
liic ueaimeni or jMhmu. no ihey do not 
deliver iigniricjni Un^es ot <(erotJ$ lo 
penpherjt Im^e. Ftw suidies have 
addres-scil ihc ioleorHy>icinii: ^ceroids 
lu ireatins acuie exacerbaitons. but 
adniintstraiion ni' orr.l prednisolone 
tor two weeks appcjrs in iinpiove \m\% 
I'ljiicrton. 

Ongoing Niudies micIi as kiL'RO- 
SCOP and ISOLDE have examined 
the ei'ficacy oi ihree years' iieaimeni 
Willi inhaled budesonade. The avail* 
able results sugscM that the benetil 
relatively Miiall. but Nignificani 
impiovemems in-FEV, were noted in 
the tli-st three inomhs off ireaiincni. 
Fluticasone iicaimcni has aKo been 
shown lo »c\ull in (Miiall) imprnve- 
snenis in FEV. over a siR-monih peri- 
od. 

While antibiotics arc commonly 
adminiscered to patients surTertng 
from COPD exacerbations, there is 
surprisingly little evidence of any clin- 
ical benefit from their use. Unless 
there is bacterial colonization of the 
lung, by organisms such as 
Haemophilus infhtcn:u€. even placebo 
treatment is cricctive in over 50^c of 
cases. However, diagnosis of infection 
requires conieci diagnosis from the 
presence of purulent sputum or. prcfer- 
nbW, by culturiug bronchial brushings. 

There has been a dramatic inctease 
in antibiotic resistance of the common 
infectious organi.sm.s. es|KCiaily in the 
United States. TIterc nearly all infec- 
tions wiih MoraxrUa vatanvhtis arc 
icsisiani. wirh 50% of H. mfluen:ot 
resistant and also with high P-lacta- 
mase activity, and 24% of Streprococ- 
I'uj pneumonia infections arc also 
leststanl. Signifjcani resistance to 
quinoiones has not yet been observed, 
but it was stressed that indiscriminani 
use of the new quiiiolones coM lead 
;o subsiamial problems in treating 
such cases. New guidelines, currently 
being agreed, will recommend the use 
of ciprofloxacin, aiithromycin or 
amoxicillin + clavulanic acid for the 



ttsaimcnt of chronic pmiilem mfci:- 
nons. 

Tlie more severe COPD patients 
.ne coiumoni) unuerueitsht. and it was 
suggested thai this worsen^ the disease 
prognosis. Oxygen ireatincni is bene- 
rlcial in improving life expectancy in 
severe patients, but only wiien chey are 
^igmtkamiy liypoxciTnc (PaO; < 7.3 
kPa). A recctiiJy developed radical 
jlteniative foi emphysema patients is 
lung volume reduction sursery. If per- 
foiiTied carefully, this appears to be at 
least as efTcctive as a single lunc trans- 
plant. While a double lung iranspluiu 
affords im|3iovcd lung function, it 
lines not improve the di. cease moriali- 
ly. in contrast to what occurs in 
patients with cystic fibrosis. 



Potential therapies 

Muscarinic antagonists 

The idcniirlcation of distinct mus- 
carinic receptor buhiypes and tlic com- 
prehension of their physiological role 
has led to the realization that tt is less 
desirable to block the M« receptor in 
treating COPD. Peter Barnes indicated 
that these net as autoreceptors. and 
hence blockade of these would tend to 
counteract the benefits gained by 
blocking My recepiois. 

Both Pfizer and Boehringer 
Ingelheim have developed new selec- 
tive muscarinic antagonists, but with 
very different properties. Pllzer has 
identified both a selective Mt antago- 
nist, darifcnacin tFig. I), and an 
M,/Mi-seicciive antagonist, reva- 
tropate (Fig. 1). Both were stated to 
be short-acting drugs, like ipratropium 
bromide, and clinical results wiih 
revairopate have proved disappoint- 
ing. 

Tiotropium bromide t Boehringer 
Ingelheim; Fig. I) has no intrinsic 
muscannic receptor selectivity, dis- 
playing subnanomolai- Kq values at ail 
three receptor subtypes, but has the 
unusual property of kinetic selcciivicy 
wwh a dissociation half-life of 34.7 
liouvs from M i receptors compaied to 
3.6 hours from .VI j receptors. This dive 



Wjhavcs us a long-rtcting .ind selective 
JMtaL'oni.^t both in l intt <md m «uninj| 
studies. In humans, ii is well toleraied 
when iidminiMcred ns a di'y pnwcicr 
jnd pntdiices a do<e-rel:ticd bion- 
vhodiUiiaiion which lasts tor over .4 
houi^. .A lour- week phase 111 study m 
COPD patients has confirmed the eifi- 
wjcy. and lolcrabihty. of oncc-daily 
dosing, with drug cifccis pci^isung tor 
a week after cessation of ireauneni. 
This diMg is rapidly v\ieiabolizcd when 
swallowed. >o side effects jre mini- 
mal. Peter Barnes stated that oral 
administration of selective M . antago- 
nists produces all the undesirable side 
effects such as dry mouth. He al.so 
indicated that the old muscarinic 
diitagonisi glycopyrvonium bromide 
(A.H. Robins: Fij?. 1) iKhave.s in a 
similar manner to tioiiT>pium and is 
now being developed for the ircatment 
of COPD. 

Chemotactic mediators 

Sputum from COPD pntient.s is 
highly chemotactic for neutrophils. 
This is principally due to the presence 
of high conccnli-ations of the 
chemokinc IL-8 and the etcosanoid 
lenkorriene (LTBj). with each 
accounting for about 40% of ihc 
chemotactic activity in spuiiuu. LTBj 
levels are substantially elevated in 
asymptomatic smokers, and the 
decline of lung function has been 
shown to correlate to the neutrophil 
coiiceniracion in sputum. 

TJic effects of LTBi could be 
reduced either via inhibiting its syn- 
thesis wiih lipoxygenase inhibitors or 
with specific BLT receptor antago- 
nists. .Although many lipoxygenase 
inhibitors have been developed tor the 
treatment of asthma, with Abbott* s 
zileuton approved for that indication, 
there arc no reports of their clinical 
evaluation in COPD. A number of 
BLTamagoni.sts arc cuiTeiuly in clini- 
cal development for tlie treatment of 
psoriasis (VML-295. Lilly. Vanguard 
Medica: ONO-4057. Ono) or arthritis 
<CCS-25019C: Novanis). with no 
efllcacv .seen in studies in asthmatics 
wah. for example. LY.293I1I (Lilly I. 



[>nig New* Pcfspeci I It7>. September 1998 



'iiiiiikimiiii 




Oarifenacin 






Ravatropaw 



Tlotrophim bromide 




QW-3n616A 



CM,^* Mideste<ne 



Ot4O*S046 



rtX CM, 



ZO-8321 



0 



O 
I 

CM, 



SB-207499 



Fig. 1. SJructures ot compounos discussed at tne symposium. 



Doehrineer Ingclhcim lias Ocvel- ies with ihc inicntion of developing r.ciing compmmd. BIIL-284 is a for- 

oped a novel aniagonisi, ihe phenyl- ihis Unjg ror ihc ircaimeni of COPD. mace ester protlmg, which is cleaved 

guanidinc dcrivaiivc B11L-2S4 (Fig. Franz Birke Ungclhcimi dcsciiocd ihc ?/» vivo lo inc more active free guani- 

I ). and has jusi initialed phase J stud- pharmacological profik of this loiig- dine BIIL-260 (Fig. i ) 
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TABLE I: ACTIVITY OF SELECTED BLT PECEPTOR ANTAGONISTS 
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Or. BirWe presented data compar- 
itig ihcse compounds with two other 
aniagoniKis iTable I). In studies tn pri* 
mates, administration of BI]L*'Z84 
resulted in a greater than 95% inhibi- 
tion of Mac -I expression on circulat- 
ing nculroph)is. and a l-mg/lcg oral 
dose resuUed in a greaicr dian 90% 
inhibition of LTB4*induced neutrope- 
nia 34 hours after dosing. Toxicologt* 
caJ studies have failed to show any 
adverse effects of this drug. « 

II.-S is a CXC chemokine acting 
on both CXCR1 and CXCR2 recep- 
tors. Tliese G-piiocein-coupled recep- 
tors, sometimes referred to as lL-8 
receptor;, are aUo activated by other 
chcmokmes (CXCRl by GCP-2 and 
CXCR2 by Cro, NAP-2 and ENA-78). 
and are heavily expressed on ncu* 
trophils but only lightly expressed on 
eosinophils. 

Amanda Proudfoot (Scrono. 
Geneva) reviewed this area and indi- 
cated that interferon gamma selective- 
ly up-regulates CCR receptors, bui not 
CXCR receptors, on human ncu- 
tFophiis. She and her coiieagues have 
found thai chemokincs arc selectively 
recognized by glycosaminoglycaiis. 
These selectively recognize IL-8 in the 
following order: heparin > heparan 
sulfate > chondroilin sulfate; such 
interactions were suggested to provide 
a mechanism for localized in wro con- 
iroi of chcmokmc effects. 

Both CXC and CC chemokine 
nniagoni^its arc known thai have been 
produced by modificaiion of the N-lcr- 
minus. The CCR antagonist Met- 
RANTES has been used to demtjn- 
siraie an involvement of CC 
ciiemokincs in models of u^ihma and 



arthritis. No data on lL-8 aniagomsts. 
cither ^^jdc snalogues or smoll-mol- 
ccule nonpeptides. were presented. 

There is also a significant body of 
evidence that implicates the peptide 
endoihelin- 1 as pjayin» a pathological 
rule in COPD and especially in pul- 
mooar}' hypertension. To:jy Rebuck 
(SmiihKline Bcecham, U.S.A.) 
reviewed the therapeutic potential of 
endothelin (ET) antagonists. There is 
cuirently no evidence to indicate an 
elevation m ftt levels in the (ungs of 
COPD patients, wliereas levels are 
elevated in patients with chronic 
hypoxia. 

Endoihelin antagonists are effec- 
tive in animal models of hypoxia. The 
nonseleaive antagonist SB-217242 
(SmithKline Beedham; Fig. I), at 3.6 
mg/day. prevented hypoxia- induced 
increases in pulmonary anery pressure 
in a rat model of chronic hypoxia. This 
compound, like TBC-U'zsi (Texas 
Biotechnology; Fig. I) (tnd ZD«1611 
(Zencca; Fig. I), is currently in phase 
U stuOies for the treatment of pul- 
monary iiypet tension, bur is also under 
ciir.ical evaluation for ihc treatment of 
COPD. Such studies should help clar- 
ify the rote of endothelin in lung dis- 
eases provided appropriate clinical 
endpoints are defined. 

Protease inhibitors 

Activated neutrophils also release 
high levels of the serine protease clas* 
tasc. When the normal physiological 
control mechanisms aie defective, this 
enzyme causes substantial degradation 
of the extracellular matrix, leading lo 
e)itensive alveolar damage and even- 
tually resulting" in emphysema. 
Thenipcutic <i|>pioaches to efasiase 



inhibition were Hiscus^d by Rnhin 
.Smith (Glaxo Wellcome. Sic vena ge. 
U.K.). He described the activhies oi 
three inhibitors but did not reveal iheir 
siniciures. 

.Both polypeptide and smail-moie- 
cule inhibitors have been sought, wiih 
atuch of (his effon directed lovt ard i'uc 
latter. Although both puriiled 2nd 
recombinant forms of the naiural 
inhibitor (a«-antitr>'psiii) are avail- 
able, effective inhibition requires gram 
quantities in the lung, thus limiting its 
utility on cost grounds. Aerosol for> 
mutations of the smaller peptide SI.PI 
(secretory leukocyte protease 
iitliiUilur) ate under development by 
both Syncrgen andTc-.jin in full-length 
3nd C-iruncaicd forms, respectively, 
but clintcal results were not discussed. 

Because ela.^tase is stored ni an 
active form in azurophil 2«a»^ul«s 
within the neutrophil, at a concentra- 
tion of 5 mM, synthetic inhibiioi-s have 
been targeted at both exci-acellular and 
intracellular elastase. GW-3n6l6A 
(Gla.xo WeJJcomc: Fig. I) is a low- 
molecular-weisht inhibitor of intraceU 
lular elastase. Tliis compound, in pre- 
clinical dcvclopmeiiL is based on a 
novel template and is orally active in 
dogs at doses of 0.2-2 mg/kg. It wos 
implied to be more potent in vivo than 
DMP-777 and said to be a slowly 
reversible inhibitor. 

ONOo046 fOno). midesteine 
(Medea Research) and ZD*8321 
(Zencca; (Fig. I) are all extracellular 
inhibitors currently reported lo be in 
phase H or III studies for the ucaimcni 
of emphysema. Midesteine is i weak 
enzyme inhibitor (K, = i.4 (hat is 
well tolerated in humans but displayed 
limited efficacy in a four-week study 
in COPD patients. Glaxo had earlier 
been investigating compounds with 
such activity, and both CR-243216 
and GR-243214 were descnbed as 
active, at 3 Mg intratracheal! y. in ham- 
ster models of emphysema. GR- 
243216 was the more potent com- 
pound, with a K: value of 6 nM and a 
1 6-hour duratior? of aciion. 
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David Lonias (Cambridce 
Universny, U.K.) dcscribcti scudicN on 
the mcchaniMic deiecis in Z a.-anii- 
trypsin. Tliis puini inuiaiioi) lesiilis in 
the brejkinis of an inuumolcvular :iali 
hindse. and allows.ihe muuini ai-uii(it' 
rypsin lo polymerize, in a lempcialMitf- 
dcpcndcm manner, raiher ihan inacii- 
vaic elastase. The resulting proicn^e- 
aniiprotease imbalance results in the 
uenciic form ol emphysema. His 
group's progress in deftning the iiiech- 
nnisms invuWed and delineating ihc 
^fruciuiv oi'ihe active site olTers new 
possibilities for rational drug design to 
prevent ihc problems that arise from 
this rchuivcly common genetic dis- 
ease, which accounts tor 1-2% 01' all 
cases of ennphyscnui. 

Recent siudies have .shown (he 
lungs 01 emphysema patients to con- 
rain elevated leveb of the MMP 
cn2ymes gelatinase B and coHagenase. 
These are secreted both from airway 
epithelium and alveolar macrophages. 
U remains unclear whctlicr ilicy play a 
causal role in the disease pathogenesis. 
Their elevation may result from inac- 
ii vation oftis-sue inhibitoj-s ofinetallo- 
proteases (TIMP). U has been suggest- 
ed that collagenasc activity in lavage 
fluid nuy be n better marker for the 
diagnosis of emphysema than clastase 
activity. Such observations suggest 
ihat MMP inhibitors may have a role 
to play in the treatment of COPO. 

Antiinflammatory agents 

Three possible approaches to the 
reduction of inflammation were dis- 
cussed. The use of novel antioxidants 
10 attenuate the damage caused by cig- 
arette smoke was discussed by Bill 
MacNec (Royal Infinnary. Edmburgh, 
U.K.). the role of adhesion molecules 
by Paul Hcllcwell (ShelTield 
University. U.K.) and inhibition of 
phosphodiesterase |V (PDF. IV) by 
Mark Ciembycz (NHU). 

While integrins arc heavily 
involved in leukocyte recruitment and 
trafficking in mllammaiory diseases, 
there is currently rciatnely iiiile evi- 
dence to subhianiiate a role for ihexc 
carbohydrates in COPO The small 
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si^c ol pulmonary alveolar capillaries 
t?-"? urn in diameter) precludes neu- 
iinptiil rolling, Nincc the cells need to 
deiorm to tit into the capillaiics. It iv 
cuiTently bcheved that their sequestra- 
tion IN an inteenn-independent mech- 
anism. In addition, intcrt'ering with the 
cifccts of p.-initfgnns might compro- 
mise host defense mechaniNms. as 
>een in patient.s with leukocyte adhe- 
sion dcricicncy. 

While oxidants normally cause 
damage via inacii vaiion of regulatory 
enzymes, the healthy lung contains 
high concentrations of several aniio.\- 
idanis in epithelial lining fluid. These 
pi-ovidc some protection, but depletion 
of some antio.%idanls is observed i" 
chronic smokers. Glutathione (GSH) 
appears to the most significant of these 
undergoing initial depletion, followed 
by a rebound increase due to increased 
traascriprional regulation of gainma- 
glutamylcysieine .syiuheiasc. It was 
suggested that these effects might be 
mediated via tumor necrosis factor. 

Vitamin £ suppleinentation has 
only modest effects in vivo, although it 
is cifective in vitm. More promising 
therapeutic approaches appear to be 
iljc administmiion of e.xogenons 
superoxide disniutase or cataiase or 
Ihc ideniincaiion of agents which up- 
reguliUe GSH. iV. Acetylcysteine, an 
antioxidant available in some markets, 
can up-regulate GSH. but only slowly 
and at unacceptably high oral doses. 
The development of /V-isobulyl-i.- 
cysteine as an inhaled formulation 
may prove more e Recti ve in this 
regaid. 

The use of PDE inhibitors, panic- 
ularly selective PDE IV inhibitors, 
offers the opportunity of preventing 
ihc activation of inilaminaioi7 cells, 
and thus the release of superoxide. 
LTBj. IL-8 and elasiase. Macro- 
phages, neutrophils and eosinophils all 
contain sevcml isoforms of PDE IV. 
Jbcit in varying ratios. PDE IV in- 
hibitors also inhibit the activation of 
monocytes and epithelial cells. 

Clinical evidence to subsiuntiaie a 
therapeutic role for PDE IV inhibition 



in COPD IS currently confined to lim- 
ited data obtained with theophylline. 
Theophylline treatment for four 
weeks, ut a dose pi-oducing a plasma 
concentratton ol 9.2 Mg/rnl. reduced 
the ncutiophil count, myeloperoxidase 
and lactoferrin levels in induced spu- 
itmi. However, ii <i»ay not have been 
acting via inhibition of PDE IV. 

So other clinical data are currently 
available, as. until recently. PDE IV 
inhibitors were only being developed 
for the ii^iitment of asthma and arthri- 
tis. Nevertheless. Arifln (SB.207499: 
SmiihKline Beccham; Fig. I ), a selcc- 
rive PDE IV inhibitor, is now being 
developed for both indications. 
Although, in common with most PDE 
iV inhibitors, ihi.s compound induces 
cn^sis. it has .satisfactorily completed 
.1 four-week pha.se II study in COPD 
pniiems. Patients are currently being 
jrci-uiied for a pha.sc III Mudy. It was 
mated that the phase II study resulted 
in a significant improvement in FEY, 
and other (unspecifted) parameters. 

Antismoking therapy 

Given the primary causnl link 
between COPO and .vnwking. ii would 
have been inappropriate not to discuss 
the subject of antismoking therapy. 
Martin Jar\'is fUniversiiy College 
Medical School. Londoii. U.K.) 
de.scribed how pharmacological inter- 
vention is the only elTeciive controlled 
approach. .Nicotine replacement ihern- 
py has proved effective initially in the 
form of chewing gum and more 
recently as nasal sprays, inhalers or 
iransdcniial patches. The more recent 
methods arc more effective than gum. 
but there are still difficuUics in contin- 
ued cessation and smoke of these ther- 
apies result in a transferred nicotine 
dependence. 

Alternative approaches arc now 
bcinc in\e5iigated. Trials with the 
a,.agoni.si clonidine produced ciTica- 
cy comparable to (hat of nicotine gum. 
Dill an vin^Kcepiablc level of Side 
clfccl.v Concurrent M(lmini.straiion of 
ihe nicotinic antagonist mecamy 
lamine iih the use of nicotine patch- 
es is producing promising results. -A 
siisiaincd-ieleasc form of the aniidc- 
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pres^ani bupropion hii5» been devel- 
oped by Glaxo Wellcome sod 
launched in i1>e United Stales as 
Z\uut\. Tliis iui^ been found to be supe- 
rior to the iiicottne puich. aiihough in 
combination they are more elTeciive. It 
ii iirtclear by whur mechanism bupro- 
pion is acting to produce these elYect$. 

Concluding remarks 

Tliis v^elt-oi'^unized niceiing pro- 
vided a good overview ol' COPD and 
highlighted our current lack of under- 
standing of ihe cau>al nicchumsms 
involved. While Muukin^ is (he priiiiu- 
ry cause, liule evidence was presented 
to suggest what determines whether 
•smokers vwiM Mib^equently suffer from 
COPD. 



ARIAD UPDATES 
STOCKHOLDERS 

In a letter to stockholders dated 
August 14. 1998. Ariad Pharmaceu- 
ticals. Inc. provided an update on the 
company s proj^re!k.s over the past six 
months. 

In the company's signal iran.sduc- 
lion inhibitor program. Ariad is 
developing AP-22408. its lead com- 
pound that was created using siruc- 
lufc-bascd drug design. AP-22408 
was designed to directly block Src, an 
imracetlulnr protein thai Ariad 
believes is critical to disease progres- 
sion m osteoporosis. The compound 
binds 10 Sic with low nanomolar 
potency, and has dcmonsu^tcd highly 
significant evidence of efficacy in a 
bioadly accepted animal model of 
osicoporosi.s. Ariad believes that AP- 
22408 meets the requirements of the 
second milestone in its strategic pan- 
nership for osteoporosis with Hoechst 
Marion Roussel (HMR). 

In addition, the company expects 
diat products based on ARGENT^ 
(Ariad* s Regulated Gene ExpressioN 



This lack of uiidcrsianding has 
doubtless contributed to the pharnia- 
ccuiical industry'.s historical ne<j;tect of 
this major divease. However, there 
now appeani lo be a significaiit aware- 
ness of the disease and it has now 
become a major disease target for a 
number of companies, evidenced by 
(he large contingents of delegaies pies- 
cnt from several companies. 

It was made clear that existing 
(herapie.s provide modest thera))eutic 
bene ills and that both steroids and 
aniibiotrcs are cnmmonly used, 
uithough their elTtcacy is highly ques- 
tionable. Few new therapies ine m 
advanced developn^ent. but the long* 
acting lioiropium bromide will facili- 
laite patient cnmpliunce. Cltnicul .Mud- 
ICS with the long-acting and highly 



Technology), a proprietary technolo- 
gy designed to allow control of cellu- 
lar activities through the administra- 
tion of small- molecule drugs, will be 
(he first 10 enter clinical testing. AP- 
1903. the first ARGENT is cur- 
rently undergoing preclinical toxicol- 
ogy and pharmacology studies. Initial 
clinical irials of AP-1903 are being 
designed to evaluate the safety of the 
compound when used wiih ARGENT 
gene components to treat graft-vs.- 
host disease in allogeneic bone mar- 
row inmsplant palienis. AP-1903 is 
expected to enter the clinic before the 
end of the year. • 

ARGENT is also being developed 
as a means to pn)duce orally acuve 
therapeutic proteins. In a recent study 
conducted by Ariad and its joint ven- 
ture partner Gcnovo. monkeys 
received an intramuscular injection of 
Ihe genetic components of ARGENT 
and the gene for erythropoietin 
(EPO). After the genetic material was 
injected into the muscle of the ani- 
mals, they received a single dose of a 
small-molecule dimerizer drug. Upon 



puieiu BLT receptor antagonist BIIL- 
.houlU tlearly establish the signif- 
icance of LTB. in lite disease process, 
tn addition, the emergence uf clinical 
data with the PDE tV inhibuor SB- 
207499 should improve our under- 
standing of the disease process and 
help to improve the design of fulure 
clinical studies. 

There is likely to be un e.^plosion 
of our knowledge of ihe pathophyiiol- 
ogy of COPD over the next few years. 
Fulure meetings on this topic will then 
point to a more optimistic prognosis 
for COPD patients. 
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drug adminisiraiion, the monkeys* 
muscle cells began producing thera- 
peutically relevam levels of EPO. 
which continued over time. Ariad is 
currently engaged in funher in vivo 
studies, manufacturing scale-up and 
preclinical testing of the ARGENT 
orally aciive therapeutic protein prod- 
uct. The company plans to begin 
human clinical trials in this program 
in the first half of next year. 

AI.SO Ourins ihe first half of the 
year— in March— , the Hoechu- Ariad 
Geitomics Center, a joint venture with 
HMR to identify therapeutic proteins 
and novel drug targets for small-mol- 
ecule drug development, reached it.s 
first anniversary. The Genomics 
Center also established lis first 
reseairh collaboration, in July. Ariad 
scientists are working with the Center 
for Prevention of Cardiovascular 
Disease ai ihc Harvard School of 
Public Health to identify novel genes 
involved in cardiovascular disease 
and cancer. 
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DECLARATION OF CHRISTER HULTOUIST M.D. 
I, Christer Hultquist, M.D., declare as follows: 

1. I am a physician with a Specialty in Pediatrics (1981) and in Pediatric Allergology 
(1982). From 1981 to 1991 1 was Senior Registrar at the Pediatric unit at the University Hospital 
in Lund, Sweden, attending children with cystic fibrosis, asthma and related allergic disorders. 
Since 1991 1 have been a Medical Advisor at Astra AB (now AstraZeneca AB), and at present I 
am serving as the Clinical Development Medical Director for Symbicort® asthma medication 
(an inhalable medication containing a combination of budesonide and formoterol) at 
AstraZeneca AB. 

2, 1 was involved in conducting a placebo-controlled 12 month clinical trial that was 
recently performed using a combination of budesonide/formoterol (under the product name 
Symbicort®) in the treatment of moderate to severe COPD. 1022 patients were treated in a 2 
week initial period with oral prednisolone (30 mg once daily) and formoterol (2 x 4.5 ^ig twice 
daily). The patients had the following profile: 
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Age > 40 years 

COPD patient for at least 2 years 

At least 10 pack years smoking history^ 

Documented use of inhaled bronchodilators as a quick relief medicine 
At least one severe COPD exacerbation within 2-12 months of entry 
FEVi < 50% predicted normal, pre-bronchodilator 
FEViA^C < 70% pre-bronchodilator 

(FEVi = Forced Expiratory Volume within 1 second, VC = vital capacity) 

The patients were randomized into four groups and treated as follows: 

Group 1: Budesonide/formoterol combination (Symbicort® inhaler) at a dosage of 

2 puffs, each puff containing 160 ^g budesonide/4.5 ^g formoterol, twice per day 

Group 2: Budesonide alone (2 puffs, each containing 200 p.g budesonide (metered dose, 

equivalent to the 160 |xg dose in the Symbicort® inhaler), twice daily) 

Group 3: Formoterol alone (2 puffs, each containing 4,5 ^ig formoterol, twice daily) 
Group 4: Inhaled a placebo composition (2 puffs, twice daily, no active ingredients) 

The patients were studied for 12 months, with various measures of COPD symptoms 
being regularly recorded. 

3. The results of this study showed a synergistic effect from the combination of 
budesonide and formoterol. 

For example, as shown in the graph tided "Symbicort Reduces No. of Severe 
Exacerbations/PatientAfear"^ (Appendix 1, submitted herewith), as compared to the placebo 
(Group 4), treatment with formoterol alone (Group 3) increased the number of exacerbations 
slighfly (+3%), and treatment with budesonide alone (Group 2) decreased the number of 
exacerbations by 12%. Thus, it would be expected that the additive effect of the 

' As understood in the art, "10 pack years" indicates that the individual smoked a pack a day for 10 years, or 2 packs 
a day for 5 years, etc. 

^ Severe exacerbations were considered to be exacerbations requiring medical intervention, i.e., administration of 
antibiotics and/or oral steroids, and/or hospitalization due to respiratory symptoms. 
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budesonide/formoterol combination would be a 9% reduction in exacerbations. Instead, Group 
1 , treated with the budesonide/formoterol combination, exhibited a 24% reduction in 

exacerbations . 

4. A synergistic effect was also observed in the morning peak expiratory volume (PEF) 
of the patients, as shown in the graph titled "Symbicort Improves Morning PEF' (Appendix 2, 
submitted herewith). The difference in adjusted mean change of morning PEF, as compared to 
the placebo, was 3.5 L/min for the patients treated with budesonide alone, 11.1 L/min for those 
treated with formoterol alone (p<0.001), and 18.3 L/min for the patients Seated with the 
budesonide/formoterol combination, i.e., 3.7 L/min higher than the additive result that would 
have been expected. 

5. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the iike so irm^'e are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United Stales 
Code and that such willful false statements may jeopardize the validity of the application or any 
patents issued thereon. 

By: ^ //^^^^^^^^^^ Date: _^:^^±Zllll^ 

Christer Hultquist, M.D. 
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Chronic obstructive pulmonary disease 
(COPD) is a major cause of morbidity and 
mortality. In Europe COPD and asthma, to- 
gether with pneumonia, are the third most 
common cause of death. In North America 
COPD is the fourth leading cause of deaths 
and mortality rates and prevalence are increas- 
ing. The incidence and morbidity from 
COPD are rising. The main risk factors are 
cigarette smoking and occupational exposure. 
Part of the reason for the slow advance in our 
tmderstanding has been the difficulty of dis- 
tinguishing, with certainty, the difiference be- 
tween subjects with COPD who may show a 
degree of airways reversibility and those older 
subjects with asthma whose reversible airflow 
obstruction has become more "fixed". There 
may also be mixtures of COPD and asthma 
which co-exist in any one patient (fig 1). 

For the purpose of the present synopsis the 
definitions of COPD and asthma are those 
included in the recently published ERS and 
ATS guidelines; ^"^ there is, however, much 
debate and the clinical definitions are still im- 
precise. The difficulties of definition are 
compounded by the recognition that both 
COPD and asthma are not disease entities but, 
rather, each is probably a complex of conditions 
which contribute to airflow limitation (jyw ob- 
struction). In asthma, airflow limitation is 
usually variable over short periods of time 
and reversible, although an imderlying irrever- 
sible component may develop when inflamma- 
tion persists in association with repeated 
allergen or occupational exposure; extrinsic 




Figure 1 Airflow limitation: simplified interrelationships 
between COPD and asthma. 



(allergic) and intrinsic (late onset) and occu- 
pational forms are recognised. In COPD the 
limitation, particularly to expiratory airflow, is 
usually, but not always, persistent and typically 
shows a more rapid progressive deterioration 
with age than is normal. Accordingly, the most 
recent and generally accepted definition in 
Europe is: "Chronic obstructive pulmonary 
disease (COPD) is a disorder characterised by 
reduced maximum expiratory flow and slow 
forced emptying of the lungs; features which 
do not change markedly over several months".* 
Three conditions may contribute to airflow 
limitation to varying degrees in each patient: 

(1) Chronic bronchitis (mucus hyper- 
secretion) which is defined as the presence of 
chronic cough and recurrent increases in 
bronchial secretions sufficient to cause ex- 
pectoration. The secretions are present on 
most days for a minimum of three months a 
year, for at least two successive years, and 
cannot be attributed to other pulmonary or 
cardiac causes.'**^ Chronic bronchitis can 
occur in the absence of airflow limitation. 

(2) Adult chronic bronchiolitis (small or 
peripheral airways disease) which is difficult 
to define clinically but may be recognised by 
sophisticated tests of function of the small 
airway - that is, airways of 2 mm diameter or 
less."'® 

(3) Emphysema which is defined anatomic- 

. ally by permanent, destructive enlargement of. 
airspaces distal to terminal bronchioli without 
obvious fibrosis.^ However, the presence or 
absence of an ongoing fibrotic process is still 
debated (see below). 

The airways in chronic bronchitis and 
COPD are also markedly inflamed; however, 
in contrast to asthma the predominant type of 
inflammatory cell and the main anatomical site 
of the lesion appear to differ.'*^ 

The following synopsis focuses on the struc- 
tural changes and the inflammation of 
conducting airways and lung in COPD and 
briefly makes comparisons with what is known 
in asthma. For further details of the effects of 
smoking and comparisons of COPD with 
asthma the reader is referred elsewhere."*^'* 



Pathology 

PROXIMAL BRONCHI (CHRONIC BRONCHms) 

Cough and sputum production are the symp- 
toms most frequently experienced by smokers; 
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report. Emphysema, or destruction of the gas-exchang- 
ing surfaces of the lung (alveoli), is a pathological term 
that is often (but incorrectly) used clinically and describes 
only one of several structural abnormalities present in 
patients with COPD. Chronic bronchitis, or the presence 
of cough and sputum production for at least 3 months in 
each of two consecutive years, remains a clinically and 
epidemiologically useful term. IHowever. it does not 
reflect the major impact of airflow limitation on morbidity 
and mortality in COPD patients. It is also important to 
recognize that cough and sputum production may pre- 
cede the development of airflow limitation; conversely, 
some patients develop significant airflow limitation without 
chronic cough and sputum production. 

NATURAL HISTORY 

COPD has a variable natural history and not all individ- 
uals follow the same course. However, COPD is gener- 
ally a progressive disease, especially if a patient's 
exposure to noxious agents continues. If exposure is 
stopped, the disease may still progress due to the 
decline in lung function that normally occurs with aging. 
Nevertheless, stopping exposure to noxious agents. 



even after significant airflow limitation is present, can 
result in some improvement in function and will certain- 
ly slow or even halt the progression of the disease. 

Classification of Severity: Stages of COPD 

For educational reasons, a simple classification of dis- 
ease severity into four stages is recommended (Figure 1- 
2). The staging is based on airflow limitation as mea- 
sured by spirometry, which is essential for diagnosis and 
provides a useful description of the severity of pathologi- 
cal changes in COPD. Specific FEV^ cut-points (e.g., 
< 80% predicted) are used for purposes of simplicity: 
these cut-points have not been clinically validated. 

The impact of COPD on an individual patient depends not 
just on the degree of airflow limitation, but also on the 
severity of symptoms (especially breathlessness and 
decreased exercise capacity) and complications of the 
disease. The management of COPD is largely symptom 
driven, and there is only an imperfect relationship between 
the degree of airflow limitation and the presence of symp- 
toms. The staging, therefore, is a pragmatic approach 
aimed at practical implementation and should only be 



Figure 1-2. Classification of Severity of COPD 


Stage 


Characteristics 


0: At Risk 


• normal spirometry 

• chronic symptoms (cough, sputum production) 


1: Mild COPD 


• FEVi/FVC<70% 

• FEVi ^ 80% predicted 

• with or without chronic symptoms (cough, sputum production) 


ii: Moderate COPD 


• FEV-)/FVC < 70% 

• 50% FEV-i < 80% predicted 

• with or without chronic symptoms (cough, sputum production) 


IN: Severe COPD 


• FEV^/FVC<70% 

• 30% < FEV-i < 50% predicted 

• with or without chronic symptoms (cough, sputum production) 


IV: Vfery Severe COPD 


• FEVi/FVC<70% 

• FEV^ < 30% predicted or FEV*; < 50% predicted plus chronic respiratory 

failure 



Classification based on postbronchodllator FEVi 

FEVi: forced expiratory volume in one second; FVC: forced vital capacity; respiratory failure: arterial partial pressure of oxygen (Pa02) less than 
8.0 kPa (60 mm Hg) with or without arterial partial pressure of CO2 (PaC02) greater than 6.7 kPa (50 mm Hg) while breathing air at sea level. 
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EDITORIAL 

Combination therapy for chronic obstructive puimonary disease: 

one size fits all? 



K.F. Rabe 



Without hesitation I would acknowledge that combination 
products with fixed doses of long-acting ^-adrenoceptor 
agonists and inhaled corticosteroids are an established thera- 
peutic option for asthma in patients with moderate and severe 
disease. These drugs have changed conceptual views of 
asthma treatment and may have simplified asthma manage- 
ment, which is probably one of their greatest merits! There is 
a reasonable scientific basis for the use of combination 
therapy [1] that convinced us that the fixed combination of 
bronchodilators with inhaled steroids is the treatment of 
choice, at least for patients that are not sufficiently controlled 
with a short-acting p-agonist and an inhaled steroid. I still 
find it puzzling that the same doses of drugs given in one 
inhaler should have a greater effect in these patients com- 
pared to the single components (at least in the first weeks of 
treatment), but that's the data and all published studies 
irrespective of sponsorship come to the same conclusion. As 
this is the evidence, I am happy to adopt this strategy. 

But chronic obstructive pulmonary disease (COPD)? We 
have all witnessed the heated discussions around inhaled 
steroids in COPD and have seen and read the data that 
confirm that asthma and COPD are completely different 
diseases, clinically and biologically. I can see the role of long- 
acting bronchodilators for the treatment of COPD, an issue 
that is already addressed in the updated Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) guidelines [2], 
but the use of inhaled steroids and combination therapy as in 
asthma? Is this a "one size fits all" strategy that is driven by 
commercial interests? And, were we all wrong, does this mean 
we no longer need to differentiate between asthma and COPD 
since the treatment will be the same in the end? 

At this point the available evidence should probably be 
considered. In this issue of the European Respiratory Journal, 
P. Calverley and co-authors [3] (yes, the TRISTAN P. 
Calverley [4]) present the second large clinical study of 2003 
that demonstrates that maintenance treatment with a fixed 
dose of an inhaled steroid (budesonide) and long-acting P- 
agonists (formoterol) in COPD improves lung function, 
quaUty of life and delays the time to first exacerbation and 
that this effect is more pronounced with the combination 
therapy than in either component alone. One-thousand and 
twenty-two COPD patients (with 629 or 62% completing the 
study) with a mean forced expiratory volume in one second 
(FEVl) of 36% predicted were included in this multicentre 
trial and were randomised to receive either budesonide or 
formoterol or the combination of both or placebo, with 
terbutaline as rescue medication. Randomisation followed a 
run-in period of 2 weeks during which patients were treated 
with 30 mg oral prednisolone and formoterol b.Ld, and 
terbutaline as rescue medication. The primary outcomes of 
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this trial were the time to first exacerbation and change in 
FEVl. The authors also recorded data on peak expiratory 
flow, health-related quality of life, symptoms, use of reliever 
medication and adverse events. 

Is there anything wrong with this study? No, otherwise you 
would not find it in a high-quality Journal such as the ERJ. It 
is potentially an important clinical study but there are some 
issues that need to be highlighted to put the data into 
perspective. The present study is the third to assess the effect 
of combination therapy in COPD. However, the design differs 
to the other two [4, 5] as the run-in period comprises a treat- 
ment optimisation with oral steroids, leading to a significant 
improvement of patients with an FEVl increase of 210 mL 
and a health status improvement of 4.5 units, exceeding the 
magic 4.0 line by 0.5 points. It is therefore correct, as stated 
by the authors, that in this study, combination therapy 
maintains the effect of treatment optimisation with reference 
to patients with these characteristics. However, it is surprising 
that the deterioration of patients occurs so rapidly (within 
days) in the other treatment groups, including those that were 
treated with budesonide only. 

Compared to the other two available studies [4, 5], the long- 
acting p-adrenoceptor agonist alone did not affect the time to 
first exacerbation compared to placebo while the combination 
therapy clearly did [3]. The authors correctly defined an exacer- 
bation as an episode requiring oral steroids and/or antibiotic 
treatment and analysed those episodes requiring steroids separ- 
ately. The data seem to indicate that patients experiencing 
more severe exacerbations benefit the most from combination 
therapy and confirm, to some extent, the findings from the 
TRISTAN trial by the same author [4]. If the definition of a 
(mild) exacerbation for clinical trials also includes aggrava- 
tion of symptoms, such as in the paper by Szafranski et ai 
[5], the relative effect of a long-acting bronchodilator might 
be more pronounced. This is also evident in the present study 
in which formoterol alone had a significant effect on symptoms 
such as shortness of breath, chest tightness and night-time 
awakenings. This clearly highlights the importance of defini- 
tions of exacerbations for clinical trials and calls for studies 
comparing the effect of maximal bronchodilation with, for 
example, the combination of long-acting p-adrenoceptor 
agonists with long-acting anticholinergics in COPD with 
mild and severe exacerbations as an outcome. 

Does this paper tell us why combination therapy has 
improved efficacy in this group of COPD patients? No (see 
Discussion in [3]), but this paper does provide evidence that in 
advanced disease, after a steroid trial with measurable lung 
function and symptomatic improvement, combination therapy 
is an effective treatment option. This might also imply that 
physicians who are not aware of the individual risk of 
exacerbations in a given patient with an FEVl <50% pred 
should consider an oral steroid course to help them in their 
decision of how to proceed with maintenance treatment. 

Does this study in patients with COPD (and the other 
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available evidence) suggest that combination therapy with 
inhaled corticosteroids and long-acing p-adrenoceptor ago- 
nists is a "one size fits all" option for all patients with a low 
FEVl, making the differential diagnosis between asthma 
and COPD redundant? This would not only result in the 
extinction of pulmonologists dealing with obstructive lung 
diseases but it would also be wrong! The role of steroids in the 
treatment of patients with asthma [6] is fundamentally 
different compared to COPD [7-11], since the perceptions 
of symptoms in asthma and the evidence for early interven- 
tion probably favour the use of these drugs in combination 
with bronchodilators in the future in even earlier stages of the 
disease than currently recommended. In contrast, asympto- 
matic COPD patients should not be treated with drugs, and 
this alone, amongst other considerations, clearly calls for a 
differentiation of these two diseases that are fundamentally 
different in the vast majority of patients. In advanced disease 
states the treatment algorithms admittedly become more 
similar and the present study provides additional evidence for 
the use of combination therapy in patients with COPD. How- 
ever, all published studies, including the present paper in the 
ERJ, support the current GOLD guidelines that combination 
therapy with inhaled steroids and long-acting P-adrenoceptor 
agonists should be reserved for COPD patients with advanced 
disease (FEVl <50% pred) and a history of frequent (more than 
one) "real" exacerbations per year [12]. For the remainder, 
further studies on the role of maximal bronchodilator therapy 
are urgently needed. 

For the clinical reader of the European Respiratory Journal, 
the present paper might provide a practical approach to new 
patients in which the exacerbation history is not known. A 
steroid optimisation period for 2 weeks might not only help 
to differentiate between asthma and chronic obstructive 
pulmonary disease, it will probably help to identify chronic 
obstructive pulmonary disease patients who will undoubtedly 
benefit from combination therapy. 
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658 Pulmohary Disorden ii£. y|^S34 

uncobiplicated icuic' bronchitis: Scattered high- d^llJ*^ 
pitched rhonchi may be heard, as wel^as'C)a;asiond 'crackling or.mbisr rales at -m^ 
Whef!^g,,<^I«ciaU^ is commonly noted. Persistent localized signs- suecS 

devjElopmeni. of .bronchopneumonia. .... "y'/-'': 'f'^^r. 

^ Senous::cgriiF^^^^^^^ oniy.in patients with' in raderlying chixinid^^^ 

ratpry, disorden In such paucnis^.acute4)ronchitis.may;|ead to severe' blood gas abnoP'- 
ucs (acute respiratory failure). * * ' " • • * J" . """'^ 

Diagnosis : • ' : 

• Diagnosis is usually based-oh the syihpioms aiid sighs., biit a chest x-ray to rule out otii^ 
diseas^.or comphcati^^^ if symptoms are serious or prolonged. Arterial blood 

gases sho^i^d be. monitored when serioiis underlying .chronic respiratory disease is pres^ 
In persons; whp dp not rcsj^nd to Mtibiptic therapy, or in 'spocial circumsWeslYegV^^ 
rnunosuppression). Gram stain arid sputum'culSire should be ciohe t6 aciexmiiie thW&u^ 
Ove organism. ■• • ':.',fg|5 

Treatment " * . 

. Gciiieral: Rest is, indicated lihti^ fever isubsides. Oral fluids (up to 3 or 4 Uday) are^f^ 
during the febrile course. An andpyieiic. analgesic '(egi.;for. .adblts, aspirin: G^-'^k^Mx 
^■*^^'^^°P'^^^.5PQ;mg,q 4 .t6,.6>; fpr:c^^^ acct^nophen.lb to 'lS mfi/kc-'Q 4.to?Sl 
rclievcs- malaise and reduces fever.. , \ '\ \ - • ^ ^.^ 

./Local: Syinptomauc treatment bf- cough' is discussed in Ch: 29. - v ; : r^r^'* 

; AfAbi_btics are^iiii wH^rf fee is cpiiSoi^^ puimbnaiy d^Se- 

"^ll^? PVJ^if"^ sputum is>6sent,;'6r w>en\hi^ is'more'iiSi 
mildly 111. For adults oral tetracyclihfe or aimpiciUiii 250 mg cj S is a re^rikble first cHoifcc-far 
most cases. Tetracycline should be withheld in children < 8 yr bid; inst^d dWamoilditti 
40 mgAcg/day m divided doses tid. When. symptoms persist or retur, brin UriusuaUy'se^?^ 
discasc.:smear and spuuim,culture.are;ihdicatea:iThc^^ 

the piwlominant organism and its sensitivity. KM. pneumoniae is thought to bc'the caiisafli^ 
*??2!iii2?^^^^"' — - or^Uy .qid can be given. Trimct}ioprim/sulfamethoxa2ple 

(100/800 mg-.prally bid) may. be used an. alternative, to teiracycjine:, " '. ' *r^.^.'vV5^'ib 

(Chronic. Obstnictive Pulmonaiy . Disease ICX>P0]; Chronic Asthmatic Bi6iidijti5)].'iS.' 
This chapter deals with generalized peisistent airways obstriictibd assbciated >Wth va^S 
cmiibmations of chronic, bronchitis, respiratory btpnphioUtis (smati aiiways diseiselv astKina; 
•and.p.mphysema. .flj.rway^ obstnictiphijs, an increased resisumet. to airflow during ■jorc^ 
acpirarton. Its hallmaik is slowing pf forced, expiration, producing charaetetistic'SpirdmiBie 
•findings. It m^.result .fipnj.nairowing or obUteratipn of airways secondary, to 'intriifeic-air*- 
ways disease, ftom.e;^oessive..^;(piratp!y.ffoUap!ie;Of ainyays secondary to pulrooiiaiy einpKfc 
s^ma, lipm biOTchospasm** (as.in.as.thma>, .or.from.a.combination of thes'r factors ' < '!fs ' 
« T°v"y°'*' «>^s>on; the .following; diefinitipns are given: (1) Chronic bronchitis (unquaii-! 
.Bed) IS a condition associated with prolonged ej^osure to nonspecific bronchial irritants 
ma aKompamed by mticus hypersecretion and certain structural cl^giS?Yn)fi^ '^i^iii^ 
It is-diaractenzed cimicially bychrohic produfctive cough and is" most cbffiihbhly associated 
wiih cigareite smoking:- HBwcver, the same syndrome may lesult from expdsiiie to^ilii^' 
f^Trr**! ■''^k'!!!^''"* do not .tend to ciiiiStrict ih a typically asthmatic fashioii?' 

(2) Chronic obstrucbvo bronchitis is used *hen Oieii ii diUase:a:iHe smdU airiimm 
suffcieru degree lo lead to ciinically significiiht airwayif bBsthMtrnj-m lenif is basicail'y • 
a misnomer, . smce the underfying lesion is TCtualIy-»."respiratoiy^br6nchiolitis "^rt''i^ 
ftequftntlyassociated with syinptoms df chroiiic bronchitiS.,(3)-l»uliWohary-«mpl^ema''i$ 

nied by destructive changes ef ihi alvVUlar t<«/te Chrohic'Qb$tructlve emplvsema is ii^ 




.f^ 34-1. interrelationship^ ^etSSi'tf* 
^obstmetioaShaded^^^^^^^^ 

h^^S^sfcien^^^ 

boding to ''''P^^ ScsZatic problem in ^ 
Mets toon ""'''f'^'"*,," j.-.ni/icani cliromc « 
p.r««ent that ^^"^^^ of clBomc >. 

fasthmatic '""fy- J^'^X '^^ 'V 

k- ma •conditit)ns.fef^Hewy .^.ot 

; aecide which is S obstnictive b. 

i-io the combination <'f^^J^^^ «nn chron 
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DECLARATION OF JAN TRQFAST UNDER 37 CFR SI. 1 14(c) 

I, Jan Trofast, declare as follows: 



1. I have been a scientist at AstraZeneca R&D (formerly Astra AB) since 1979 in the 
division of Medicinal chemistry and Pharmaceutical & Analytical R&D at AstraZeneca. I 
received a Ph.D. in organic chenustry in 1978 from Lund Institute of Technology, Lund. 
Sweden. 1 have been studying and conducting research in the field of respiratory disorders since 
1979, and I am an expert in this field. I am a co-inventor of the invention claimed in this 
application. 

2. The invention claimed in this application features a method of treating chronic 
obstructive pulmonary disease (COPD) by administering to a patient, via inhalation, 

(i) formoterol, a phannaceuticaliy acceptable salt or solvate thereof, or a solvate of such a salt; 
and (ii) budesonide. the molar ratio of (i) to (ii) being from 1:2500 to 12:1. 

3. I have read the Examiner's Answer to the Appeal Brief mailed 
December 29, 2003. 



CERTIFICATE OP MAIUNO BY RRST CLASS MAIL 



I hereby certify under 37 CFR 8* 8(0) ihai this correiponUencc is being 
deposited with the United States Postal Service as first clois rrail with 
sufficient posisge on the date indicoted helow and b addressed to th^ 
Convpbfi^ner for Patenuxf .0^ Box 1430. Alcxand 
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Typed or l*rinied Name of Ccnon Signing Ccnificoie 
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4. I am an inventor named in the prior art reference, Carling et al (WO 93/1 1773). 

5. The subject of Carling et al. is the treatment of asthma with a p2 agonist 
(formoterol) and a steroid (budesonide) to treat a respiratory disorder such as asthma. 
Carling et al states at page 4, lines 19-28 that the "invention relates to improvements in the 
treatment of mild as well as severe asthma and other respiratory disorders" The Examiner 
asserts, in the Examiner's Answer, thai this mention of other respiratory disorders would 
have been understood by the artisan to include COPD. I cannot agree with this 
interpretation. 

The phrase ^'respiratory disorders** has in fact been used in the medical literature to 
refer to a wide and varying rangis of disorders, the only common thread being an effect on the 
respiratory function of the patient. The lengthy list of such disorders, includes, for example, 
not only asthma and COPD, but also respiratory infections such as tuberculosis and 
bronchopulmonary aspergillosis, cough, asbestos-related disease and other diseases resulting 
from the inhalation of particulate matter, different forms of lung cancer, acute respiratory 
distress syndrome, toxic lung injury, cysdc fibrosis, interstitial lung diseases (such as 
idiopathic pulmonary fibrosis and the like), alveolitis, and sarcoidosis (see, for exan^le, 
"Respiratory Medicine,'* vol. 1, 3rd edition, Gibson et al., eds,. Table of Contents, submitted 
herewith). 

In the context of Carling et al, the phrase ''other respiratory disorders" was not meant 
to be interpreted so broadly, nor would someone in my field reading Carling et al in 1998^ 
have been likdy to interpret it in tfus manner. Instead, the temi "other respiratory disoiders," 
as used by Carling et aL, was intended to and would have been understood to refer to 
respiratory disorders similar to asthma i.e. mainlv of bronchosoasdc nature. 

6. There exist a number of respiratory disorders that are similar to asthma in both 
their pathophysiological features and their treatment protocol, for example extrinsic atopic 



* (The inventioo claimed in the present appUcarion \s entitled to a priority date of November 23, 1998.). 
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asthma* extrinsic non-atopic asthma, intrinsic asthma, wheezing in children and 

bronchospastic cough. In some cases, these disorders are referred to collectively as 

"asthma." However, because they are different conditions they may also be referred to as 

**asthma and other respiratory disorders/* as my co-inventors and I did in the Carling et aL 

reference. Buist ("Definitions," in Asthma and CQPD . Barnes et al,, eds. London: 

Academic Press, 2002, pages 3-^ reports at page 3, column 1 , the definition of asthma from 

the Expert Panel 2 Report (the current U.S. asthma guideline) as: 

a chronic inflammatory disorder of the airways,.. In susceptible 
individuals, this inflammation causes recurrent episodes of 
wheezing, breathlessness, chest tighmess, and cough. . .These 
episodes are usually associated with widespread but variable 
airflow obstruction that is often reversible either spontaneously or 
with treatment ... femphasis added]. 

Thus a key pathophysiological feature conmion to these disorders is reversible 
airflow obstruction, which is monitored by spirometry or measurements of peak expiratory 
flow rate. These disorders are treated in similar fashion. They differ significantly, both in 
their pathophysiological features and their modes of treatment, from the wide range of non- 
asthma-like respiratory disorders listed above and in the medical literature. Thus, for 
example, these disorders differ significantly in both their pathology and their treatment from 
unrelated respiratory disorders such as lung cancer or asbestosis. 

7. A diagnosis of asthma requires the exclusion of other causes of sinoilar symptoms. 
CX)PD is the most conmion differential diagnosis in adults. The clinical features and 
pathophysiology of COPD and asthma indicate that there is some overlap between the 
conditions. For exanqile, chronic inflammation underlies both diseases, but the nature of the 
inflammation differs. Both COPD and asthma have a reversible airflow obstruction 
component, but airflow obstruction in COPD is not fully reversible. In fact COPD is 
characterized by a progressive development of airflow limitation. Buist (2002) reports the 
definition of COPD as defined by the Global Initiative for Chronic Obstructive Lung Disease 
(GOLJ>) guidelines: "A disease state characterized by progressive development of airflow 
limitation that is not fullv reversible..." (Buist, page 3, column 1). 
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Sufferers of COPD and asthma also respond difGn^ntly to specific therapies. For 
example, as discussed in Barnes et al. (Eur. Resp, Jour. 22:672-688, 2003) at page 672, 
colimin 2, and page 673, column 1: 

COPD is characterized by acceleration in the normal decline of 
lung function seen with age. The slowly progressive airflow 
limitation leads to disability and premature death and is quite 
different from the variable airway obstruction and symptoms in 
asthma, wh^ph m^}y proffpess m ^pym^, While COPD and 
asthma both involve inflanunation in the respiratory tract there are 
marked differences in the nature of the inflammatory process, with 
differences in inflammatory cells, mediators, response to 
inflammation, anatomical distribution and response to anti- 
inflammatory therapy [emphasis added], 

Buist further reports at page 4, column 1: 

Perhaps the single most important diffmnce between the two 
diseases is the nature of the inflammation: it is primarily 
eosinophilic, CD4-driven in asthma and neutrophilic. CDSnlriven 
in COPD. , . There is ample evidence now that inhaled 
corticosteroids are effective against the eosinophilic inflammation 
that is characteristic of asthma. . .but lartrelv ineffective apainst the 
primarily n&utrophilic inflammation seen in COPD ... 

There is generally a lack of efficient medication for COPD, and therefore the British 
Thoracic Society prepared guidelines specifically for the management of COPD, These 
guidelines do not include recommendations for treatment of asthma. 

This evidence, considered collectively, indicates that COPD would not be considered 
Co be a respiratory disorder similar to asthma by those of skill in the art. 

8. Minor symptoms of COPD, for example bronchial constriction, are reversible and 
generally treatable by a bronchodilator such as a P2 agonist, an anticholinergic, or a 
theophylline. These minor reversible symptoms are similar to asthmatic symptoms. The 
major symptoms of COPD, however, include exacerbations Uiat were JM treatable by the 
classes of drugs that existed at the time of filing of Carling ei ah (December 1991). The level 
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of skill in the art of treating COPD and asthma in 1991. at the time Carling et al, was written, 
was such that an expert in the field would have predicted that treatment of COPD with a p2- 
agonist and corticosteroid combination would be unsuccessful , particularly for the relief of 
exacerbations that lead to progressive airflow obstruction. As a result, at the time of the 
Carling et al. reference my co-inventors and I did not contemplate using our P2 
agonist/corticosteroid combination to treat COPD. 

Calverley et al. (Eur Resp. 7. 22:912-919, 2003) report the successfuJ prevention of 
exacerbations in COPD patients using a combination of inhaled corticosteroid (budesonide) 
and P2 agonist (formoterol). Table 3 of Calverley et al shows that the combination of 
budesonide and formoterol reduces the number of exacerbations more effectively than either 
budesonide or fonnoterol alone. Table 3 shows that the number of exacerbations per year 
(mean rate per patient per year) was 1.80 during treatment with placebo and a near- 
equivalent 1. 83 during treatment with the P2 agonist formoterol. Exacerbations were mildly 
reduced following treatment with the corticosteroid budesonide (1 .60 mean rate per patient 
per year) although this decrease was still not significant as compared to treatment with 
placebo. Treatment with the combination of budesonide and fonnoterol reduced the rate of 
exacerbations to 1.38. a significant reduction as compared to treatment with placebo. This 
result was surprising given the low efficacy or ineffectiveness of treatment with either 
budesonide or formoterol alone. The authors offer a biological explanation for this result, 
saying "[i]t.. .seems that formoterol and budesonide in combination are more effective at 
reducing proliferation of airway smooth muscle than either drug alone, as a result of 
synchronised cellular signalling. . (page 918, colim:m 2). 

Rabe et al. (Eur. Respir. 7., 22:874-875, 2003) responds to the Calverley study in an 

editorial published in the same journal issue as Calverley et al.: 

We have all witnessed the heated discussions around inhaled 
steroids in COPD and have seen and read the data that confirm that 
asthma and COPD are completely different diseases, clinically and 
biologically. I can see the role of long-acting bronchodilators for 
the treatment of COPD, an issue that is already addressed in the 
updated Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) guidelines. .. but the use of inhaled steroids and 
combination therapy as in asthma? Is this a "one size fits ail" 
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Strategy that is driven by commercial interests? And were we all 
wrong, does this mean we no longer need to differentiate between 
asthma and COPD.,.? [Rabe, page 874, column 1], 



Thus, asthma and COPD are still, as they were at the time of the Carling et aL reference 
and at the time of the present invention, and even in light of the Calverley study, considered by 
those of skill in the art to be very different diseases that require very different treatment 
protocols. They camiot properly be linked or considered as similar disorders, as they have as 
little in common as most of the other '^respiratory disorders*' listed in paragraph S above. 

9. I hereby declare that all statements nuuie herein of my own knowledge are true and 
that all statements made on information and belief are believed to be tnie; and further that these 
Statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patents issued thereon. 
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AB In four patients, men of 64, 66 and 69 years old and a woman of 65 years 

who suffered from chronic obstructive 

pulmonary disease (COPD) and used inhalation 

corticosteroids in a relatively high dose (800-1600 .mu-g of \ 
budesonide per day) , a pulmonary infection was diagnosed caused by 
Mycobacterium malmoense (the first two patients) and Aspergillus (the 
other two) respectively . Inhalation corticosteroids are of great 
importance in the treatment of asthmatic patients. Their place in the 
treatment of patients with COPD is much less clear. The patients 
did not have an immunological deficiency or anatomical pulmonary or 
bronchial deformation which could have explained the occurrence of ti^ese 
infections. The high dosages of inhalation corticosteroids may have been 
involved in the cause of these infections by suppressing ^he T-cell 
response locally. In view of this, longterm inhalation corticosteroid 
treatment should be prescribed in^coPD patients only if the 
efficacy of the medication has been proved in the individual patient 
involved • 

TI [Opportunistic lung infection in patients with chroniq 
obstructive pulnonary disease; a side effect 
of inhalation corticosteroids) . 

OPPORTUNISTISCHE LONGINFECTIES BIJ PATIENTEN MET CHRONISCHE OBSTRUCTIEVE 
LONGZIEKTE; EEN BIJWERKING VAN INHALATIECORTICOSTEROIDEN? . 

SO- Nederlands Tijdschrift voor Geneeskunde, (1996) 140/2 (94-98). 
ISSN: 0028-2162 CODEN: NETJAN 

AB In four patients, men of 64,. 66 and '69 yeats old and a woman of 65 years 
who suffered from chronic obstructive 
pulmonary disease (COPD). and used inhalation 
corticosteroids in a relatively high dose (800-1600 .mu.g of 
budesonide per day) , a pulmonary infection was diagnosed caused by 
Mycobacterium malmoense (the first two patients) and Aspergillus (the 
other two) . . . Inhalation corticosteroids are of great importance in 
the treatment of asthmatic patients. Their place in the treatment of 
patients with COPD is much less clear. The patients did not have 
an immunological deficiency or anatomical pulmonary or bronchial 
deformation which could. . . these infections by suppressing the 

T-cell 

response locally. In view of this^ longterm inhalation corticosteroid 
treatment should be prescribed in COPD patients only if the 
efficacy of the medication has been proved in the individual patient 
involved. 
CT Medical Descriptors: 

*chronic . , . drug therapy 

*lung infection: SI, side effect 

♦opportunistic infection: SI, side effect 

adult 

aged 

article 

aspergillus 

case report 

drug efficacy 

female 

human 

male 

mycobacterium 
prescription 
thorax radiography 
♦corticosteroid: DT, drug therapy 



EFrtCT OF SYSTEMiC GtUCOCOBTtCOIOS OH eXACEBBATIOWS OF CHRONIC OBSTBUCTIVE PUlMOWAHY DISEASE 



BCTBCT OP SY5TBMIC GLUCOCOKXICOroS ON EXACERBATIONS 
OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 

Dennis E. Niewoehner, M.D. Marcia L Erbiand, M.D. Robeftt H. Deupree, Ph.D., Dorothea CoaiNs, ScD.. 
Nicholas J. Gross, M.D., Ph.D., Richard W. Ligkt, M.D., Paula Anderson, M.D,, 
AND Nancy A. Morgan, R.PH., M.BA, 
FOR THE Department of Veterans Apf airs Cooperative Study Group* 



Abstract 

Background and Mstbedg Although their cJinlcBl 
efficacy is unclear and they may cause serioue ad- 
veree effects, systemic glucocorticoids are a stand- 
ard treatment for patients hospitalised writh exacer- 
bations of chronic obstructive pulmonary disease 
(COPO). Wo conducted a double-blind, randomized 
trial of systemic glucocorticoids (given for two or 
eight weeks) or placebo, in addition to other thera- 
pies, for exacerbations of CORD. Most other care 
was standardized over the six-month period of fol- 
low-up. The primary end point was treatment failure, 
defined as death from any csuse or the need for 
intubation and mechanical ventUation, readmission 
to the hospital for COPD, or intensification of drug 
therapy, 

Rmdts Of 1840 potential study participants at 25 
Veterans Affairs medical centers, 271 were eljgibte 
for participation and were enrolled; 80 received an 
eight-^eek course of glucocorticoid therapy, 80 re- 
ceived a two-week course, and 111 received placebo. 
About half the potential participants were ineligible 
because they had received systemic glucocorticoids 
in the previous 30 days. Rates of treatment failure 
were significantly higher in the placebo group than 
in the two glucocorticoid groups combfned at 30 days 
(33 percent vs. 23 percent, P=0.04) and at 90 days 
(48 percent vs. 37 percent, P=0.04). Systemic gluco- 
corticoids (in both groups combined) were associat- 
ed with a shorter Initial hospital stay (8,5 days, vs. 
9.7 days for placebo; P=0,03) and with a forced ex- 
piratory volume in one second that was about 0.10 
liter higher than that In the placebo group liy the first 
day after enrollment. Significant treatment benefits 
were no longer evident at six months. The eight- 
week regimen of therapy was not superior to the 
two-week regimen. The patients who received glu- 
cocorticoid therapy were more likely to have hyper- 
glycemia requiring therapy than those who received 
placel)o (15 percent vs. 4 percent, P=0.002). 

Conclusions Treatment with systemic glucocorti- 
coids results in moderate Improvement in clinical out- 
comes among patients hospitaliied for exacerbations 
of COPD The maximal benefit Is obtained during the 
first two weeks of therapy. Hyperglycemia of suffi- 
cient severity to warrant treatment is the most fre- 
quent complication. (N Engl J Med 1999;340:1941-7.) 

01999, MtsMchustttts Madicsl Soonty. 



PATIENTS with chronic obstructive pulmo- 
nary disease (COPD) frequently have cxac- 
erbadoi\$ chat require hospitalization. Hos- 
pital treatment for this common condition is 
associated with high coso and relatively poor out- 
comes.^ In addition to antibiotics, oxygen, and bron- 
chodilators, most hospitalized patients receive sys- 
temic ghjcoconicoids. Less severely ill patients often 
recdve oral glucocorticoids as ou^aticxits. 

Systemic ghicocorticoids improve outcomes ia pa- 
tients with acute asthma,* but their clinical efficacy in 
the treatment of COPD is less dear. Two small trials 
suggested that several days of therapy with systemic 
glucocorticoids improved the forced expiratory vol- 
ume in one second (FBV,) during exacerbations of 
COPD.''^ Another trial fiound dtiai a single dose of 
methylprednisolone did not improve spiromctric re- 
suhs over the succeeding five hours.' None of these 
trials were e]q)licitly designed to evahiaic clinical out- 
comes. The role of systemic ghicocorticoids in pa- 
dents with stable COPD is similarly unclean* 

Adverse effects of the short-ccrm administration 
of systemic ghicocorticoids include secondary iiifcc- 
tions, hyperglycemia, and a range of mood and be- 
havioral changes.' Long-term therapy may cause os- 
teoporosis, cataracts, hypertension, myopathy, and 
adrenal insufiSdcncy. 

We conduaed a randomized, double-blind, place-, 
bo-contiolled, muiticentci trial to evaluate the effi- 
cacy of systemic glucocorticoids for exacerbations of 
COPD. The principal objective was to determine rates 
of treatment failure. A secondary goal was to deter- 
mine the optimal duradon of treatment. 

METHODS 

The Human Bights Committee of the VkBiaas Afiain Coo?- 
eraavt Studio Prognm anddie insumao^ review boirds of chc 

nedicil cento* appfowo tnis stuoy. ah piuco 
give written inforoicd coMcw. 



From the VctwMS Alfcin mcdic»l ccwen in MjJMKifMWi (D^E.K), Unic 
AA fMl^ PA) Hino, m. (N.T.G.). ind Long Bcicb, Cali£ 
^L^rli ci'^ii^'swS Ptosram Coonliiuling Center, Wesx 

^^^feS^S^iS. rU-cy Cootclii«di.» Ccn«r, Alln^ucr^uc, 
Aa« Medic*/ CcnccA 1 Verc-w* Dr., 
'Other iiwettiBttorf who pwticijwted in the inidy ue Uiccd in the Ap- 



Voluroc 340 Kumber 25 



60-1 




Month 

No. AT Risk 

Glucoeortjeoids.8wk 80 SI 50 21 

Qluooeoiticoldi,2wk 80 39 48 « 

Plaeebo HI 7* ^ ^ 

Fifiure 1. Kaplan-Meier Estlirates of Iho Rate of Firrt Treatment Failure at Six Months, According to 

Treatment Group. 



glucocorticoids (12 percent), and 5 assigned to eight 
weeks of glucocorticoids (6 percent). Follow-up 
data were complete for 19 of these 25 patients. All 
available data were induded in the analyses. On the 
basis of counts of returocd study capsules, the com- 
pliance rate was 89 percent in the placebo group, 
85 percent in the two-week glucocorticoid gro\^, 
and 87 percent in the eight-week glucocorticoid 
group. 

PHmarv Outcomes 

Hgure 1 shows Kaplan-Meier estimates of rates 
of first treatment failtirc for the three study groups, 
and Table 2 shows the reasons for treatment feihirc 
at 30, 90, and 182 days. At least one treatment fidl- 
urc occurred in approximately half the patients. In- 
tensification of therapy was the most common rea- 
son for treatment failure, accounting for 70 percent 
of the total fulurcs at 30 days, 62 percent at 90 
days, and 58 percent at 182 days. When therapy was 
intensified, physicians administered open-label sys- 
temic glucocorticoids in more than 7S percent of 
cases. 

The trial did not demonstrate equivalence of out- 
comes at any time. When the upper limits of one- 
sided confidence intervals arc used to compare fail- 
ure rates between groups, the results show that the 
withholding of glucocorticoids may have increased 
treatment-Mure rates by as much as 20 percent at 
30 days, 21 percent at 90 days, and 12 percent at 182 
days. All values exceeded the limit of 75 percent set 
by the protocol. 



As compared with placebo, gUicocorticoids signif- 
I icandy reduced the rate of first treatment failure at 
' 30 days (23 percent vs. 33 percent, P=0.04) and 90 
I days (37 percent vs. 48 percent, P=0.04) (Table 2). 
' TVeatmcnt-Mui^ rates did not differ significantly at 
six months (51 percent in the combined glucocorti- 
coid groups vs. 54 percent in the placebo group, 
P=0.58). The duration of glucocorticoid therapy 
(two weeks or eight weeks) had no significant ef&ct 
on the rate of treatment failure at any time. 

. Length of HospitaHzatlon 

The average length of the initial hospitalization was 
significantly longer in the placebo group than in the 
combined ghicocorticoid groups (9.7 vs. 8.5 days, 
p-0.03). After the initial hospinlizatioa, patients m 
the placebo group spent an average of 2.0 days in 
the hospital because of COPD, as compared with 
1.9 days for patients in die glucocorticoid groups 
(P=«0.98). Glucocorticoid-treicd patients, on aver- 
age, spent more time in die hospital for ceasona other 
than COPD than did patients receiving placebo (4.4 
vs. 1.2 days, P«0.07). 

j Spirometrte Findings 

FEVi improved significantly faster in the patients 
who received systemic glucocorticoids than in those 
i who received placebo (Fig. 2). The majdmal differ- 
I cncc, approximatelv 0.10 liter, was evident by the 
I first day after cmoliment. By the end of two weeks, 
' FEVi did not differ significandy between the activc- 
I treatment and placebo groups. 
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TmjB 1. Base-Linb CHABAcmumcs o; the 271 PAUENn 

ACOOIXMNO TO TUAXUEKI ASSZGMMEKT.* 



CMyuciEivnic 

Age — yr 

Male tot no. 

White nee — np. 

CoQsb — no. (H) 

Spoum production — no. (%} 

WhecBRS no. (X) 

Ko. oC ch«t coMb per year no. (%> 

None 

Icrl 

>3 

Smoked in part 3 o» — no, {%) 
Ibta} dgprcRC mokins — pactyr 
Rcgitbr jscdicttiofi» — no. {%) 

Inhaled bm-adnaCTiK vsora" 

lolaled astkiioGiiasic dnv 

Onl bcta-id WiU C n i c ag nro i f 

TfacophyUin£ 

Zofaakd ftttcocortkoidi 
Use of cayscn at bonw — no. (») 
FoirinHnrioa ibr COFD io prcvioos 2 yr 
-oo.<%) 

Prior we of xysieinic gtucocorticaids — no. {%) 
Oiher tUKSK* — no. {%) 



IN* 



Omcocoimcom 

fOXZWK 

til) iM«ao) 



Hittary of ukcr 



DiBfaiiivf hean discuc 
Diaabliog anitmis 

KjKory of psyduamc disoidcr requiriff^ 



FEV, — ml$ 

Tkoe 6om picKnwioo » itDdoniiicion hr 



in 

99 

65 (S9> 

WW 

17(15) 
64(58) 
30 (27) 

56 (50) 
77.0±35.S 

96(46) 

51 (73) 
U(ll) 

57 (33) 
49(4+) 
30(33) 
73 (66) 

52 (47) 

5(5) 
23 (21) 
44(40) 
13 (12) 
13(11) 
13 (13) 

7503:371 
3Jr2.6 



67.1 ±10.6 
30 
59 

41 (SI) 
34(63) 
70(89) 

17 (21) 
51(64) 

12(15) 
41 (52) 
67.3S31 

66(33) 
47(59) 
4(5) 
26(32) 
39(49) 
12 (15) 
51(6*) 

30(38) 

12 (IS) 
19 (24) 
39(49) 

8(10) 
10(12) 

9(U) 

772^6 
3J;t2.6 



QtUOQGQiniCOlOS 

{H-90) 

68.1t!:6.8 
77 
68 

43 (54) 
52 (65) 
72 (90) 

14(18) 
50 (62) 
16 (20) 
40(50) 
80.9±43Jt 

72 (90) 
58 (72) 
7(9] 
30(38) 
40(50) 

15 (19) 
60(75) 

46(58)t 

n (U)t 

16 (20) 
39(49) 

8(10) 
15(19) 
9(11) 

7851:288 
3.7±2.3 



*Fltti-'imniis v«htts %n means ±SD. 

tP<0.0S for dififcioKW among poupf by analysis of variance coodnuoof wriabto and by cbe 
cht-iquarc ten for categorical variables. 

jData ««c available for 101 patieott In the placebo group, 73 in die two-week ghuocordcoid 
groop, and 73 io die eight-week ghieocordcokl group. 



to identify variables tlut predicted tFcatxneot &ihiic within six i 
mondia." AD reponieci P vahics are t^-tailcd. j 

RESULTS ! 

Enrollment began in November 1994 aad con- I 

eluded in October 1996, one year ahead of schedule, j 
On the basis of interim analyses, the Veterans Ai&irs 

Cooperative Studies Evaluation Committee rccom- | 

mended terminatioa of (mroUtncnt at that time. | 

Study Poiiuiatlon | 

A total of 1840 potential patients at 25 Veterans ( 
AiSairs medical centers were screened for the study, | 
of whom 271 were found to be eligible and were cn- I 
rolled. The enrollment rate was lower than had been 
projected," largely because of a substantial decline in 
admissions for COPD throughout the Veterans Af- 
fairs medical system and an unexpectedly high rate of 
exclusion because of recent use of systemic glucocor- 
ticoids. Among the patients who were screened^ 49.9 



percent had taken systemic glucocorticoids in the prc- 
^aous 30 days. Other common reasons for exclusion 
included unwillingness or inability to partidpatc (23.2 
percent), a history of less than 30 pack-years of smok- 
ing (14.6 percent), and coexisting medical conditions 
expected to limit survival (18.4 percent). 

Eighty patients were assigned to receive glucocor- 
ticoid therapy for eight weeks, 80 were assigned to 
receive glucocorticoid therapy for two weeks^ and 
111 were assigned to receive placebo. The three treat- 
ment groups were similar with respect to base- line 
characterisria (Tabic 1). There were small differenc- 
es in total pack-years of cigarette smoking, prior use 
of systemic glucocorticoids, and the prevalence of 
diabcces mellitus. 

Discontfnuation of Study Oruga and CompllMWt 

Study drugs were discontinued for reasons other 
than a primary end point in 10 patients assigned 
to placebo (9 percent), 10 assigned to two weeks of 
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Study Dfistgn 

Wc designed this itudy to assess the equivalence of two tp- 

Lre die sttnd«d dwripy for hospiaiixcd paticats wij COPD. I 
^IL AouS dicy htvcSvene cfltco. Thcrtfott. the withhoklmg 
of ducocorticoids IW be viewed 11 «n «peri^ 
assodattd widi no gJucocorocoid-related complttanons. The plan- 
niinycommitree seSed on a 7,S pecceat absolute «^ 
rate of tfcaimcat ftaure aa die clinically meaiungfti^^upper hnut. 
In other woidf. withholding glucoeonicoida would ^conad- 
e»d the piefi^ed treatment if the rtsiUti ihowed a dife^ 
the &ttlurc rate (the rate with placebo minus the TO wnh actxsre 
treatment) of 7.5 petccnt or Icis. The jecoodary objecDve was lo 
itteti the equivalence of two different pcrioda of therapy (two 
»nd eight wceka). The foUow-up period la«ed for iu months 
torn the dme of emoUment. A dee«!ed descn^ of the nt,on. 
Se fcethc study, ita deaigm the protocol, and the planned analy- 
ses U provided elsewhere." 

Study Population 

All patknts admitted to partidpadng Veteran* Aflfaits medical 
cenmri for exacerbation. JcOVO were potential '^^^^^ 
principal inclusion ciittria wrre a chnical ^^"^^^^v 
doQ of COPD, an age Of 50 years oc more, a P^. 
yem or more of a^tfctte smoking, and either an FEV^ of l.oO 
Utera or less or an inability to undergo spirometry because of 
dyspnea. Thz principal exclusion criteru were a diagnosis of astb- 
Sfu^of sys^kglueocordcoid. wirfun die preceding 30 days, 
SStgSScindidons 

unlikdy. and inability to give informed consent. Wc obtained 
baae-BM data on tespifatory disease and other perunent aspects 
of the medical history by means of a questionnaire." 

TreatniMite 

We randomly assigned piticnu within 12 hours after prcsenta- 
uon tOonTof duee treatment group.. The first gmnp received 
eight weeks of giucocorticoki therapy, conaaung 
ml^lp«dni5olonc (Solu-Medrol, PharmaoA & Upjohn, Kak- 
Mick) (gi^ in a dose of 125 mg every 6 hours for 72 
SfoUowid ^'^-^y ^"^^ if mg on study 
day, 4 dimugh 7, 40 mg on days 8 dirough 1 1, 20 mg on days 1 2 
Chnsush 43; 10 mg on days 44 through 50. and 5 mg on days 5 1 
thrauS 57). Hie second gtoup received two weeks of gluco- 
cortkSi therapn consisting of intravenous m«hylprcdmsok>ne 
0^ c«r76 hours for 72 hourj). foUowed cnl p^- 
sone (60 mg on days 4 through 7. 40 mg on days 8 tboi^ II, 
and 20 mg on ^ 12 through 15), with P^^^ ,«Pf;^«^^° 
snady day, 16 through 57. The third group recavcd P^^^^y^- 
sisdnsof an equivalent volume of ineravenoua ^ P««^ 

<cvJy6 hour, for 72 hours). foUowed by phuxbo cap- 
d^ through 57. Randomixanon wa, s^tified act«rd . 
lag lo hoapitai with a permuted-Woek scheme; 40 percent of the 
^^ients wLe assigned^ die pUcebo group. 30 percent to d^c 
ci^weck glnco^rricoid gtoup, and 30 percent o die nvo- 

"^e^^^^^S^Coojiefttivc Srudies Clinical Research 
Pharmacy Coordinating Center distributed the rtudy mcdica- 
ri^^^gnaied n^eaL pharmad^u dispensed the int«venous 
mcdtodoS^ f*^°^ All padcnts received the same 

SStoof idendtal-appearing snidy capsules m bhstcr packs. Wc 
issessed compliance on the basis of capsule counts. 

The padenis remained hospitalized for at least ^%days for 
Intnven'ous therapy, after which diey receded f 
sonc or placebo for eight weeto. Hospital staff ^« 
of discharge after dirtc days of intravenous therapy. AU Ac pa- 
d«m^ci«d a broad-spcctxum «uibtotic for seven days. For the 
catire six-month period, the patier^ were '^^^^^^^.^^ 
haled ^-adrenergic agoniK (two pufi from « 
or a ttdiuUxcr tSatment at least four droca daily), uihaled ipraao- 



rnum bromide (two puflfe fiom a mctcred-dose inhaler or a c^bu- 
Uia treatment at least four dmes daily), and starting on day 
ifljuled triamcinolone accionide (eight pu& daily m divided doses) 
or its equivalent. Use of dveophylline, high-dose tnhaled gluco- 
cortko^ (more than eight pufis daily of triamcinolone acctomdc 
or its equhralent), and opcn labeJ systemic glucocorncoidi was 
not allowed. Tie«tmcni was conskkxcd tn have &ikd if any of the 
forbidden medication* were prescribed. Odtcr mcdicttiom were 
pcnnittcd according to medical need. We evaluated the patients 
Sn each of die first three hospital days and at two weeks, eight 
weeks, and six roondw. We cominoed to obtain foUow-up data 
for patients in whom the study drug had been wididrawn because 
of treatment iailure ox for other reasons. If a padcm nusaeda visit, 
%« coUected dam by Biail, l«lq>hone, or a review of tnedical record 

End Points • 

The primary end point, a first treatment frilure, was defined as 
deadx fiom any eauae or tht need for inmbation and mcchanicai 
vcniilatioo, readmission because of COPD. or intensdication of 
pharmacologic therapy. The padents* primary phyuaias made aU 
±c chnical dcdslMUL We defined intensification of pharmacologic 
therapy as die pieacription of open-label systemic gJ^o^^: 
coidThigh-dosc inhaled glucocorticoidi (more than eight jxifls 
per d«r of triamcinolone aeetrmidc or its equivalem), theophyl- 
line or any combination of diesc three dicrapica. When mult^jle 
faihties occurred on die aame day, die assignment to the category 
of first frilure was hierarchical, in the foQowing desccndmg «der 
dcarij, innibation, readmission, and intensification of dioapy. Whc^ 

a^ury end point (other than death) was reached, the study 

I tr^cnt was termhiated, and usual ttw^iiol 

* Secondary end poinu were a change m FEV„ die length <tf the 

I hospital stay, and dcadi from any cause during die sat months of 
foUow-up. The pauents underwent spirometry at base bnc; on 
days 1, 2, and 3; and at die two-week, «8bt*tek, 
X AU cemers performed spirometry (model 922, 
Yorba Linda, Cali£) according to standard lecoM^danons." Wc 
catodated the initial ho^tal stay as the period from the day ot 

I admisaion to the day ofdischarge or transfer to an extended-care 

i fuility. 

, Complicationfi 

' We evaluated the patients for any possible adverse effcco of 
treatment at each visit. As described chewherc," the diagnosis of 
hTDexRWcemiA, hypcrtcnsiott, secondary infection, upper gaatro- 

tation, an invasive procedure, or Inkiation of a specjSc chaapK 
^ alio quesnoned the patients about other possible adverse 



Statbtical AnalyBts 

The base-line characteriatica of die patients in the dircc trat- 
ment groups were compared by means of anaJysi. of variance for 
STdnWvariablc. ar^thc chi-aquare tctt for categorKal van- 
ahka." AU comparisons of results were based on the mtennon-to- 
treat principle. Treatment comparisons were made with the use of 
a two step procedutt: if the findings for die two-week and the 
dght-week groups were found to be equivalent, th^ 
w^combiidinloa.ingleacdve.titannem 
>vidiplaccbo. Cocq^arisons were made st 30, 90. and 182 days afttf 
the iart of ttea^L liearment fiiUire, the prurury end point 
was analyzed widi use of die upper limit of a one-aded 95 pemem 
confid^^terval to determine daeyunc cj^^^'^'V^^ * 
two-ddcd log-rank ost to compare differences bciwcen curves for 
r^at^c feilure tare.- Vahie. for FEV, inthe B)ucocor^coid 
and placebo groups wrnr compared by f«^ff 
oS stays were wmparcd widi use of die WUcoxon tv^samplc 
, SrikS^^AcompUcaiionrasewasdefin^last^^^^^ 
I ^SSLSwhohadineormoreepisodcsofscomphcauoj^ 
, die she mondis of foUow-up. Logistic-regression analysis was used 
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Tabu 2. CuMuiATiVE Fkzmaut Outcomes Accorpinc to 

TkSATMEIfr ASSKJNMBKT: 



F0II21MC PMIWC P 
^•111) tN«m <N»iP| V«W 



mimb«r(pticvnO 



Pcadi 




3(3) 


0 






3(3) 


2(2) 




tSatCOSD 


8(5> 


4(S) 




911 of ifaenpjr 


M(23) 


13 (16) 




37(33) 


19 (24) 


90 ^xfi 






2(2) 


Death 






Inrabatioa 




3(3) 


3(4) 


Re«dnU«ston for COPD 


13 (U) 


8(10) 






33(30) 


17(21) 


Tbal 


S3<4«) 


30 (38) 


I82<kys 


1 




2(2) 






it4) 


Incubaiioa 




3(3) 


3(4) 




ifbr COFD 


17 (IS) 


12(16) 




oaof thcnpy 


36 (32) 


22 (28) 


Total 


60(54) 


39(49) 



2(2) 
Ml) 
2(2) 
13 (16) 
la (22) 

2(2) 
1(1) 
6(«) 
20(25) 
29(86) 

5(4) 
2(2) 
13 (16) 
24 (30) 
*2 (52) 



0.04 



0.04 



OSS 




"r vifaici « for cmpuirani of the placebo gfoop with ifac 
Etucocortkind gmu!». ^ the log-caak test. 

tOniyckathi thti^ycrc couxjtolu primary oiitcoa« 
oumbeea of dcadu <iunac ox moorbs of fotbwMip woe U b ifac placebo 
^roop ind 18 In the gl u co o onicofcl gzoups. 



Hgm £ M*Bn Forced ExplrBtory Volume in On« SMnd (FEV,) 
at Satected TlmM AccorcHn^ to Traitmant Group. 
Tha two-^waak and oVflhweek glucocorticoid flroup8 have been 
combinwd. The numbara at each time point are the numtaera of 
patients in eech group for whom data wore available. The as- 
teriaka denote P<0.06 for tht comparison with plaoabo. The 
ban indicate standard arrara. 



Daath from All Causes 

Over the six months of follow-up, 11 of the 111 
patients receiving placebo and 13 of the 160 receiv- 
ing giucocorticoidi died (P-0.61). Seven deaths in 
the placebo group and aix in the combined gluco- 
corticoid groves were anribatcd to COPD. 

Compllcationa 

Table 3 shows the reported complications for each 
treatment group over die six months. A greater pro- 
portion of patients in the glucocorticoid groups 
than in the placebo group had byperglyccniia requir- 
ing tzeatmcnc (IS percent vs. 4 percent, P-0.002). 
Tevcfuy-cwo of the 24 episodes ia the glucocorticoid 
groups occtuTcd during the first 30 days of foUow- 
tip. Sixteea of the 24 glucocordcoid-treated patients 
with hypergiyccinia were Imown to have diabetes. 
The patients who received ghioocorticoids also had 
more adverse events classified as •'other'* (P=0.04); 
these included 41 separate syn^ioms or conditions, 
most of ^ch were not thot^ht to be caused by glu- 
cocorticoids. Reported rates of secondary infection 
did not di£Eer significandy among the three groups, 
but the eight- week glucocorticoid group had the 
highest proportioa of patients with serious infections. 
Eleven of the patients in this gtxmp were rchospital- 
izcd with a primary diagnosis of infection; 9 of the 
11 had pneumonia. Only four patients in the placebo 



T/iMi 3, CoMPUcmoNs of TwKMStrt 

DURINO TTO SDC-MONZH FOUXW-OT PESIOO. 





PuKua 


roaSM 


raatviK 


P 




{N«111} 


(N-SO) 


m«ioi 


V«UJE> 






numtwr Ipercvnti 






Hypdr^lyotmn 


4(4) 


H (18) 


10(12) 


0.002 


GaitrouittWrol 


5(5) 


0 


3(4) 


0.21 








1« (22) 


0.73 


Seooodflzy iakcdoa 
IlypcwtnnoTi 


19 (17) 


12(15) 


4(4) 


6(8) 


4(S) 


0.33 


Psychiacric diiankx 


3(3) 


5(6) 


2(2) 


0.47 


Odicradvtnc 


16(14) 


18(22) 


21(26) 


0.04 



•F Vthiea are «0T owiimifOM of die placebo Stoop widi ^ 
ghicicorticoid s»up*t by 0* du-aquare teat 
tThia dBgory indiideg 41 diffmnt symptmoa or ronditionc. 



I group and one in the two-week ghicocorticoid group 

I were rcbospiializcd for infection. 

' Subgroup AnalysM 

I As specified by the protocol, we performed sub- 

. group analyses for the following variables: base-line 

i FEV^, theophylline use before randomization^ hospi- 
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talization because of COPD in the previous two 
years, a history of cough, a history of wfaecang, a his- 
tory of sputum production, and a history of chest 
coUb. Multiple logistic regression indicated that a 
base-line value ibr FEVj that was kss than the median 
value of 0.73 liter predicted a higher rate of treat- 
ment Mure at 182 days (odds ratio, 1.8; 95 percent 
confidence interval, 1.1 to 3.1), as did theophylline 
use before randomizaaon (odds ratio, 2.3; 95 per- 
cent confidence interval, 1.3 to 4.0). Only prior hos- 
pitalization because of COPD had a significant in- 
teraction with the treatment assignmenl (P^O.Ol). 
Ireatment with glucocorticoids was associated with 
a more favorable outcome in the group of 184 pa- 
dents who had previously been hospitalized because 
of COPD than in the group of 87 with no history 
of hospitalization because of COPD (odds ratio, 
4.6; 95 percent confidence interval, 1.4 to 14.8). In 
the group of previously hospitalized patients, the 
failure rate at six months was 66.7 percent for those 
who received placebo and 49.5 percent for those who 
received ghzoocordcoids. 

DISCUSSION 

We found that the withholding of systemic gluco- 
corticoids was not equivalent to active treatment for 
hospitalized patients with COPD. Glucocorticoids 
were marginally superior to placebo in reducing rates 
of treatment feilurc at 30 and 90 days, but not at 
6 months. Qucocorticoid therapy also shortened the 
initiai hospital stay by an average of 1.2 days. This dif- 
ference may be an underestimate, because the proto- 
col required a helical stay of at least three days and 
because some patients assigned to receive placebo also 
received open-label glucocordcoids. 

Glucocorticoid-induced improvements in FEVj 
provide a plausible basis for the better clinical out- 
comes. The magnitude of the eariy eflfea of treatment 
on FEV], approximately 0.10 liter, is similar to that 
found in a previous study.' More patients received 
open-label glucocorticoids as the study progressed, so 
we may have underestimated the true dif&rcnccs at 
later times. 

Hyperglycemia of suflSdent severity to require ther- 
apy was the major complication of glucocorticoids 
that we identified. This finding may be due in pan 
to the higher pioportioos of patknts with diabetes in 
the glucocorticoid groups than in the placebo group, 
but hyperglycemia is a toiown complicatioa of glu- 
cocorticoid therapy."^? We also noted a trend toward 
longer hospital stays for causes other than COPD in 
both glucocorticoid groups. Carefid review of these 
data revealed an unusual number of infections re- 
quiring hospital readmission in the eight-week glu- 
cocorticoid group. Controlled trials of treatment for 
other diseases have shown an increased risk of seri- 
ous infi:cdon in patients reccivmg systemic gluco- 
corticoids.'**^^ 



Osteoporosis was not evaluated in this trial, but 
even relatively brief courses of systemic glucocorti- 
coids cause tcductioos in trabecttlar bone mineral 
density.** The cumulative effects of long-term ther- 
apy confer a substantial risk of painfiii vertebral firac- 
tuies and other long-term complications.^*" 

Intensification of pharmacologic therapy account- 
ed for more than half of all treatment failures at six 
months and' an even higher proportion during the 
carty weeks of fbUow-up in our study. Opcn-labcl 
glucocorticoids were admixustered in most of these 
cases. Thus, the principal consequence of withhold- 
ing gtucocorric<nds in patients receiving placebo 
was to delay thdr administration to about half of 
these patients. The other half rccowercd and received 
no glucocorticoids during the fixll six months of 
follow-up. 

The overall exposure to glucocorticoids among pa- 
tients hospitalized for COPD would be substantially 
dcaeascd if the drug were withheld until it was ev- 
ident that other therapy had foiled. The disadvantag- 
es of this option are a delay in the administration of 
effective therapy to patients with severe dyspnea and 
j 2 prolongation of the average hospital stay by slight- 
ly more dian a day. 

Recent use of systemic glucocorticoids disqualified 
half the patients screened for this study, and these 
patients might have had different responses to glu- 
cocorticoids. We designed this study specifically for 
hospitalized patients, reasoning that the effect of 
treatment would be most cvido^t in the sickest pa- 
tients. However, systemic glucocorticoids arc 3ho 
frequently used for ouqjaticnt treatment of COPD, 
and the clinical profiiles of nonho^icalized patients 
may be different. 

We conclude that systemic glucocorticoids decrease 
the rate of treatment faUurc by about 10 percentage 
points for up to 90 days wrhcn used for patients hos- 
pitalized with exacerbations of COPD- A cwo-wcck 
regimen was as effective as an ci^t-week regimen; 
i this result was consbtcnt with those of small trials 
involving patients with acute asthma-^^*^ In addi- 
tion, subgroup analyses suggest that the treatment 
benefit may be restricted largely to patients who 
have previously been hospitalized because of COPD. 

Cowhirtcd uiwicf the legii of the Cooperative SO«ik» PtOgjam of the 
Dcjnftmcat of VfeteriM AflBua Office of Rrorch aad DmlopmeM uid 
snppomd by a yam fioni Boehringer Ingdbdin- 

Pretested xo part ar the innual meeting of the Americia Thonoc Soci- 
tcy. Chicigo, April 24-29, 199S. tod the annual roe«iflg of the Bmopeao 
Bcsptntocy Soctety. Geneva, Septcmbct 19-23, 1998. 

APPENDIX 

The other itudy pirtkipant* wett ar foflowK >l»fining Comimftec: S. 

Weil* J ScoUcr, 1. Tajct. M. AnmneUi, and M. Buchanan; Data Mbaieor- 
) inr Board: D. Dantxte (chair), D. Bshkin, K. Simon, and M. Lebowtz; 

Pharawcy coordinator j. Day; invcitigamra at individi:al Veterans Amin 
I medical centers: J. Cunis (pnncipal iiweaogaror) and C. Sicgcrt, Ann Ar- 
! bor, Mich.; a EmnwiiMl (raprii«a|»i tavea^ 
■ dpalinvesagiior),aodDJohiuoa,BtyPiMa,Fb^P.Bom«ao<<oprinapal 
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iawwiSMor). E Xaol (coprincipai bvotiptDr), and R. Vknno, Brooklyn. 
NJT.; S. Sabi (pnadpal invBSD^ator; aad P. DiMania, Bufib, JL 
Keller, HiDcs, 111.; M. Uiooto (pciodpil tRKft%nor) ana F. Omttcc, Hou- 
too; G« Bhaikv (prindpi) imescpttr) and H. HenncMnui, T^t*- Qiy; 
Fb.; G. &ui (coprindpal InvcMO^m) and L. Frwo; Urde aock, 
Ajfc^ ). Dcipwi, Long Beach. Calif.; K. Kke (priuctpil iavcfdgitiir) lod F. 
LcbOm, MinDopoiU; A. Fubmbuter (pcinc^ invuogUDr^ ami D. Fer- 
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DECLARATION OF JAN TROFAST> PH.D. 

1, Jan Trofast, declare as follows: 

1 , 1 have been a scientist at AstraZeneca R&D (formerly Astra AB) since 1 979 in the 
division of Medicinal Chemistry and Pharmaceutical & Analytical R&D. I received a PhJ). in 
organic chemistry in 1978 from Lund Institute of Technology, Lund, Sweden. I have been 
studying and conducting research in the field of respiratory disorders since 1979, and I am an 
expert in this field. 1 am a co-inventor of the invention claimed in this application. 

2. In collaboration with AstraZeneca, a placebo-controlled 1 2 month clinical trial was 
perfomied using a combination of budesonide/formoterol fumarate dihydrate (under the product 
name Symbicort®) in the treatment of moderate to severe COPD. Formoterol is the biologically 
active moiety in formoterol fumarate dihydrate (FFD). This study is published in Calverley et 
al., Eur, Respir /. 22:912-919, 2003, In sunmiary, before randomization, 1022 patients were 
treated in a 2 week initial run-in period with oral prednisolone (30 mg once daily), inhaled FFD 
(Oxis®; 2 puffs twice per day, each puff delivering 4.5 ^g FFD to the patient from a metered 
dose' of 6.0 FFD), and terbutaline as needed (Bricanyl®; 0.5 mg by inhalation). The patients 
had the following profile: 




' A "metered dose" is the amount of product that is positioned in the inhaler for delivery to the patient with each 
pufT. Not all of the metered dose is delivered to the patient; some product wiU stick to the sides of the inhaler, or 
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Age > 40 years 

COPD diagnosis since at least 2 years prior to the study 
At least 10 pack years smoking history^ 

Documented use of inhaled bronchodilators as a quick relief medicine 
At least one severe COPD exacerbation within 2-12 months of entry 
FEVi < 50% predicted normal, pre*bronchodilator 
FEViA^C < 70% pre-bronchodilator 

(FE Vi = Forced Expiratory Volume within 1 second, VC = vital capacity) 

All of the following medications and the placebo were delivered from a Turbuhaiei® 
inhaler. The patients were randomized into four groups and treated as follows: 

Group 1 : Budesonide/FFD combination (Symbicort®; 2 pufFs twice per day, each puff 
delivering 160 ng budesQnide/4.5 ng FFD to the patient (corresponding to a metered dose of 
200 fig budesonide and 6.0 \ig FFD respectively for the monoproducts)) 

Group 2: Budesonide alone (Pulmicort®; 2 puffs twice per day, each puJT delivering 
160 |ig budesonide to the patient from a metered dose of 200 fig budesonide) 

Group 3: FFD alone (Oxis®; 2 pufFs twice per day, each puff delivering 4.5 pg FFD to 
the patient from a metered dose of 6.0 j^g FFD) 

Group 4: Inhaled placebo composition (2 puffs, twice daily, no active ingredients) 

The patients were studied for 12 months, with various measures of COPD symptoms 
being regularly recorded. 

3. The results of this study suggest that the combination of budesonide and FFD 
produces several synergistic effects. 



will otherwise remain in the inhaler. A ^'delivered dose" is the amoum of product that exits the inhaler. This 
amount is less than the metered dose. 



' As understood in the art, "10 pack years** indicates that the individual smoked a pack a day for 10 years, or 2 packs 
B day For 5 years, etc. 
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For example, as shown in the graph titled "Symbicort reduces the risk of first 
exacerbation requiring medical Intervention"^ (Appendix 1, submitted herewith), the hazard rate 
was reduced (compared to placebo) by 28.5 % in patients treated with the budesonide/FFD 
combination. The corresponding reduction for patients treated with budesonide alone was 7.5 
%, while FFD alone actually produced an increase (con;>ared to placebo) of 1 .5 % . A merely 
additive effect would have produced a 6.0 % reduction^. These data are presented in Calverley et 
al, at page 91 S, column 1 and in Figure 1 . The data in Table 3 of Calverley et al supplement 
these results. 

4. The enclosed graph titled "Symbicort reduces the number of severe 
exacerbations/patient/year*' (Appendix 2, submitted herewith) also strongly imply a synergistic 
effect of the budesonide/FFD combination therapy. As compared to treatm^t with placebo, 
treatment \^ith FFD alone actually increased the number of exacerbations per patient per year 
slightly (+3%), while treatment with budesonide alone decreased the number of exacerbations 
per patient per year by 12%. Patients treated with the budesonide/FFD combination, 
however, exhibited a 24% reduction in exacerbations. This result demonstrates a synergistic 
effect, as the 24% reduction is much greater than the 9% reduction expected if the effect of the 
combination therapy were merely additive. These data were presented previously in the 
declaration of Christer Hultquist, filed December 13, 2002, and supplement the data presented in 
Calverley et al at page 91 S, column 1. 

5. A synergistic effect was also indicated in the patients' need for oral steroids during the 
course of the study, as shown in the graph titled '^Symbicort reduces need for oral steroids*' 



^ Severe exaceibations were considered to be exacerbations requiring medical imervention, ie, administration of 
antibiotics and/or oral steroids, and/or hospitalization due to respiratory symptoms. 

* In order to assure the stability of the first order approximation used above to assess the additive effects, a fully 
elaborated approach is also presented. By treating these data in a multiplicative way (the model being relative), the 
additive effect of budesonide and formoterol is 100 - (1 00-7.5)*(l 00+1 .5y 1 00 = 6.1 % and the combination 
(Symbicort) over this is ^ 100 - 100MOO*(100-28.5)/{{IOO-7.5)*(100+1.5)) = 23.8 %. Note that this effect is even 
greater than suggested above (= 28.5-6.0 » 22.5 Vo\ showing that calculation on the additive scale gives a 
conservative estimate. The same kind of multiplicatory calculations will give essentially the same resuh on items 4, 
5, 9 and 1 1 below; other items below should use the additive mode), 
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(Appendix 3, submitted herewith). Treatment with budesonide alone reduced the hazard rate of 
time to first oral steroid use by 14% compared to placebo, and treatment with FFD alone 
reduced the hazard rate by 13% as compared to placebo* In contrast, treatment with the 
budesonide/FFD combination reduced the hazard rate of time to first oral steroid by 423% 
versus placebo. This is far better than the 27% reduction that would have been expected from 
an additive effect of Ihe individual budesonide and FFD components. These data supplement the 
data presented in Calverley et al, at page 91 5, column 1 (recalculated to placebo). 

6. A synergistic effect was also indicated in the effect on night awakenings, as shown in 
the graph titled "Symblcort increases nights without awakenings" (Appendix 4, submitted 
herewith). Treatment with either budesonide alone or FFD alone resulted in an adjusted mean 
change in awakenings-free nights of +3.7 % (compared to placebo). If budesonide and FFD in 
combination had a merely additive effect on the change in awakenings-free nights, the adjusted 
mean change of the combination therapy (compared to placebo) would be expected to be 

+7.4 %. However, treatment with the combination therapy resulted in an adjusted mean change 
in awakenings-free nights (compared to placebo) of + 9.2 %, much greater than die calculated 
additive effect of 7.4 %. 

7. A synergistic effect was also indicated in the morning peak expiratory flow (PEF), as 
shown in the graph titled "Symbicort rapidly improves and maintains morning PEF' 
(Appendix 5. submitted herewith). The difference in adjusted mean change of morning PEF, as 
compared to placebo, was 3,5 L/min for the patients treated with budesonide alone, 11.1 L/min 
for those treated with FFD alone, and 18.3 L/min for the patients treated with the 
budesonide/FFD combination, Le., 3.7 L/min higher than would be expected if the effect were 
merely additive. These data were presented previously in the declaration of Christer Hultquist, 
filed December 13, 2002, and supplement die data presented in Calverley et al at page 916, 
Figure 3(a). 

8. The graph titled "Symbicort rapidly improves and maintains evening PEF' 
(Appendix 6, submitted herewith) strongly imply a synergistic eflfect on the patients' evening 
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peak expiratory volume (PEF). The difTerence in adjusted mean change of evening PEF, as 
compared to the placebo, was 2.0 L/min for the patients treated with budesonide alone, 8.9 L/min 
for those treated with FFD alone , and 14.1 L/min for the patients treated with the 
budesonide/FFD combination, i.e.. 3.2 L/min higher than would be expected if the effect of the 
budesonide/FFD combination were merely additive. These data are graphically represented in 
Calverley et al at page 916, Figure 3(b), and recalculated to placebo for easier comparison. 

9. The graph titled "Symbicort produces rapid and maintained improvement in lung 
function (FEVl)" (Appendix 7, submitted herevrith) illustrates tliat FEVl decline was less severe 
in patients treated with a budesonide/FFD combination therapy than in those treated with either 
monotherapy. The combination therapy was 14% better than placebo in this regard, while the 
monotherapies were respectively only 8% and 2% better than placebo. These data are presented 
in Calverley et al at page 915, column 2 and in Figure 2. 

10. As illustrated by the graph titled "Symbicort improves health related quality of life, 
HRQL" (Appendix 8, submitted herewith), the mean change in total score on St. George's 
Respiratory Questionnaire (SGRQ) as compared to placebo was -7.5 , which was a greater 
improvement than that observed following treatment with budesonide alone (-3,0) or FFD alone 
(-4.1)^ These data are reported in Calverley et al. at page 916, column 2 and in Figure 4. 

11 . As illustrated by the graph titled "Symbicort reduces discontinuations compared to 
other treatments" (Appendix 9, submitted herewith), fewer patients withdrew from the study 
when they received the budesonide/FFD combination therapy than with either of the 
monotherapies. These data supplement the data in Table 1 of Calverley et al at page 914, which 
reports that 71% of the patients originally enrolled in the study and who received treatment with 
the combination of budesonide and FFD completed the study. By comparison, only 59% of 
patients receiving placebo completed the study, approximately the same as those receiving FFD 
alone (56%) or budesonide alone (60%). The multiple beneficial effects described above may 



^ A change o\ minus 4 points in the SGRQ represents a clinically important improvement in health related quality of 
life. The more negative the score, the better the quality of life. 
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have contributed to the fact that fewer patients receiving the budesonide/FFD combination 
therapy withdrew from the study. The numbers could be obtained in the graph by looking at the 
fraction of subjects in study at the end of the twelve month period (see also the bottom line of 
Table 1 at page 914 of Calverley et al). 

12. Taken together, the overall consistency in these variables, describing difierent but 
clinically in^^ortant aspects of the disease, strongly suggests that the combination produces 
synergistic effects. 

13, I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fme or imprisonment, or both, under Section lOQl of Title 1 8 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patents issued thereon. 



By: jilf^^"^ 
Tan Trofast, Ph.D. 



Date: 



DocNo2ll9SlU 



Copyright ©ERS Journals Ltd 2003 

Eur Respir J 2003; 22: 912-919 European Respiratory Journal 

DOI: 1 0. 1 1 83/09031 936.03.00027003 ISSN 0903- 1 936 

Printed In UK - all rights -resen/ed 



Maintenance therapy with budesonide and formoterol in 
chronic obstructive pulmonary disease 

P.M. Calverley*, W. Boonsawat*, Z. Cseke^, N. Zhong"*", S. Peterson^, H. Olsson^ 



Maintenance therapy with budesonide and formoterol in chronic obstructive pulmonary 
disease. P.M. Calverley, W. Boonsawat, Z. Cseke, N. Zhong, S. Peterson, H. Olsson. 
©ERS Journals Ltd 2003. 

ABSTRACT; Lung function in chronic obstructive pulmonary disease (COPD) can be 
improved acutely by oral corticosteroids and bronchodilators. Whether clinical 
improvement can be maintained by subsequent inhaled therapy is unknown. 

COPD patients (nF=l,022, mean prebronchodilator forced expiratory volume in one 
second (FEVi) 36% predicted) initially received formoterol (9 pg A. /.</.) and oral 
prednisolone (30 mg o.d.) for 2 weeks. After this time, patients were randomised to 
b.Ld» inhaled budesonide/Tormoterol 320/9 pg, budesonide 400 pg, formoterol 9 pg or 
placebo for 12 months. 

Postmedication FEVi improved by 0.21 L and health-related quality of life using the 
St George's Respiratory Questionnaire (SGRQ) by 4.5 units after run-in. Fewer 
patients receiving budesonide/formoterol withdrew from the study than those receiving 
budesonide, formoterol or placebo. Budesonide/formoterol patients had a prolonged 
time to first exacerbation (254 versus 96 days) and maintained higher FEVi (99% 
versus 87% of baseline), both primary variables versus placebo. They had fewer 
exacerbations (1.38 versus 1.80 exacerbations per patient per year), had higher 
prebronchodilator peak expiratory flow, and showed clinically relevant improvements in 
SGRQ versus placebo (-7.5 units). Budesonide/formoterol was more effective than 
either monocomponent in both primary variables. 

Budesonide/formoterol in a single inhaler (Symbicort®) maintains the benefit of 
treatment optimisation, stabilising lung function and delaying exacerbations more 
effectively than either component drug alone or placebo. 
Eur Respir J 2003; 22: 912-919. 
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Several randomised, controlled trials have shown that long- 
acting, inhaled Pa-^gonists improve lung function in chronic 
obstructive pulmonary disease (COPD) irrespective of disease 
severity [1], and improve health-related quality of life 
(HRQL) [2, 3]. These improvements equal or exceed those 
seen with ipratropium [3] or theophylline [4]. Only two studies 
have followed the efiects of treatment with long-acting, 
inhaled P2-agonists over 1 yr [5, 6]. The results confinned the 
effect on spirometry, but the change in HRQL was smaller 
than expected. 

The role of inhaled corticosteroids (ICS) in COPD is more 
controversial. Corticosteroids do not appear to affect the rate 
of decline of forced expiratory volume in one second (FEVi) 
[7-10]. However, ICS increased postbronchodilator FEVI in 
two studies [8, 9], and reduced the severity [11] and frequency 
of exacerbations when this end-point could be reliably 
assessed [9]. These observations have led to ICS being 
recommended for COPD patients with FEVl <50% predicted 
who show a spiromctric response [12]. In two 1-yr studies, the 
clinical effect of ICS on exacerbations requiring oral steroids 
was confirmed [5, 6]; the reduction in exacerbation frequency 
was less evident for patients taking ICS alone in the study by 
SzAFRANSKi et al. [5]. These results may suggest that sicker 
patients require more than just ICS in their treatment for 
COPD. 



For editorial comments see page 874, 



Combining a long-acting p2-agonist and an ICS as 
maintenance therapy has been very successful in managing 
bronchial asthma [13, 14], but less is known about this 
treatment strategy in COPD. Lung function (prebronchodi- 
lator FEVl) is improved when these drugs are combined, 
compared with monotherapy [15], and recent studies have 
found that combining therapies is also associated with fewer 
exacerbations and improved HRQL, compared with placebo 
treatment [5, 6]. 

Patients with more severe COPD (Global Initiative for 
Obstructive Lung Disease (GOLD) stages III and IV) 
frequently experience exacerbations, which impact on their 
HRQL [16]. Prolonging the time to exacerbation may delay 
the deterioration of the disease and help maintain health 
status, an important aim in the treatment of COPD. More- 
over, it can be difficult to separate the improvement in health 
status that occurs at the start of a clinical trial, due to closer 
medical attention, from the effects of treatment itself, and this 
caveat can reduce the power of the study to assess the true 
therapeutic eflect on this outcome. To address this difficulty, 
a clinical trial was conducted in which inhaled formoterol and 
oral corticosteroids were administered during a short run-in 
period, to ensure that patients' treatment was optimised 
before entry into the trial. During the 12-month, randomised 
treatment period in patients with COPD, an ICS (budesonide) 
and a long-acting P2-agonist (formoterol) given in the same 
inhaler were compared with the component drugs given 
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separately and with placebo. The primary outcomes were time 
to first exacerbation and change in FEVl. Data were also 
recorded on HRQL, peak expiratory flow (PEF), symptoms, 
use of reliever medication and adverse events (AEs). This 
protocol allowed the authors to test a clinically relevant 
situation, namely whether the short-term improvement that 
follows a period of treatment optimisation can be maintained 
over a longer time by inhaled therapy, and to investigate 
which drugs change what aspect of patient well-being. 



Methods 

Patients 

Outpatients with COPD (GOLD stages III and IV) [12] 
were recruited based on the following criteria: aged ^40 yrs, 
COPD symptoms for >2 yrs, smoking history of ^ 10 pack- 
yrs, FEVWital capacity (VC) ^70% prebronchodilator, FEVl 
^50% of predicted normal value prebronchodilator, using 
inhaled bronchodilators as reliever medication, ^1 COPD 
exacerbation requiring a course of oral corticosteroids and/or 
antibiotics 2-12 months before the first clinic visit. 

Principal exclusion criteria were: a history of asthma/ 
seasonal allergic rhinitis before the age of 40 yrs, any relevant 
cardiovascular disorders or significant disease/disorder, which 
may have put patients at risk or influenced the results of the 
study, an exacerbation of COPD requiring medical interven- 
tion within 4 weeks prior to enrolment and/or during run-in, 
use of oxygen therapy, P-blocking agents or nonallowed medica- 
tions. All patients gave written, informed consent and the study 
was approved by an Etliics Committee for each centre. 



Study design 

This was a randomised, double-blind, placebo-controlled, 
parallel-group study involving 109 centres in 15 countries or 
regions. All medication was from AstraZeneca, Lund, 
Sweden, and delivered via a dry powder inhaler (Turbuha- 
ler®; AstraZeneca). During the 2- week run-in, patients 
received oral prednisolone (30 mg) o.d. and inhaled formo- 
terol (Oxis®) 2x4.5 \xg bJ.d, and terbutaline (Bricanyl®) 
0.5 mg as needed. Patients were then randomised to 12 
months of treatment with either budesonide (Pulmicort®) 
2x200 ^g bJ.dy formoterol 2x4.5 [ig b.i.d., budesonide/ 
formoterol (Symbicort®; this Turbuhaler® delivers the 
same amount of budesonide and formoterol as the corre- 
sponding Turbuhaler® monoproducts) 2x160/4.5 ^g b.i.d., 
or placebo (lactose monohydrate) bJ.d with terbutaline 
0.5 mg as needed. 

Certain medications were allowed, with restrictions, after 
randomisation. Courses of oral corticosteroids (maximum 3 
weeks per course) and antibiotics were allowed in the event of 
exacerbations. Parenteral steroids and/or nebulised treatment 
(single injectionsAnhalations) were allowed at emergency visits. 

The following medications were disallowed from recruit- 
ment: inhaled steroids (except the study medication), diso- 
dium cromoglycate, leukotriene antagonists or 5-lipoxygenase 
(5-LO) inhibitors, bronchodilators (other than study medication 
and terbutaline 0.5 mg (Bricanyl®) as needed), antihista- 
mines, any medication containing ephedrine, and P-blockers, 
including eye-drops. 

The following medications were withheld prior to recruit- 
ment: short-acting inhaled or oral p2-agonists (6 h before), 
inhaled or oral long-acting p2-^Sonists (48 h), inhaled short- 
acting anticholinergics (8 h), inhaled long-acting anticholi- 
nergics (7 days), xanthine-containing derivatives o,d. (48 h), 



xanthine-containing derivatives Z?./. J. (24 h), leukotriene anta- 
gonists or 5-LO inhibitors (48 h). 



Assessments 

Patients attended the clinics at recruitment, randomisation 
and after 1, 2, 3, 6, 9 and 12 months of treatment. The primary 
variables were time to first exacerbation and change in post- 
medication FEVl. The secondary variables were number of 
exacerbations, time to and number of oral corticosteroid- 
treated episodes, morning and evening PEF, slow VC, 
HRQL, symptoms, use of reliever medication and AEs. 

Exacerbations requiring medical intervention (oral anti- 
biotics and/or corticosteroids or hospitalisation) were recorded 
at each visit after randomisation. The time to and number of 
exacerbations and oral corticosteroid-treated episodes were 
analysed. 

Predicted FEVl was calculated at recruitment using 
European Respiratory Society (ERS) equations [17]. FEVl 
was measured before and 15 min after two inhalations of 
terbutaline 0.5 mg and the per cent increase from baseline in 
FEVl was calculated. Spirometry (FEVl and slow VC) 
measured after study medication and at least 6 h postreliever, 
at each clinic visit, met ERS standards [17]. Wherever 
possible, spirometry was performed at the same time of day, 
using the same spirometer (calibrated on each study day in 
accordance with the trademark specification), and supervised 
by the same well-trained study staff. Patients were instructed 
to rest for 1 5 min before measurement and spirometry was 
performed in a sitting position whilst wearing a noseclip. All 
spirometers met or exceeded the American Thoracic Society 
recommendations. 

Prebronchodilator PEF, measured using a Mini-Wright® 
peak flow meter (Clement Clark, Harlow, UK), was recorded 
daily in a diary, in the morning and evening as the best of 
three attempts before inhalation of the study medication. 

The St George's Respiratory Questionnaire (SGRQ) [18] 
was used to assess HRQL. Questionnaires were completed at 
recruitment, at randomisation, and at 6 and 12 months; a 
Total score was calculated. A lower score indicates better 
health, while a change of ^4 units indicates the minimal 
clinically important difference relevant to the patient [19]. 
Symptoms of shortness of breath, cough, chest tightness and 
night-time awakenings (on a 5-point scale from 0 (none, 
unaware of symptoms) to 4 (severe)), as well as use of reliever 
medication, were recorded daily in a patient diary, AEs were 
monitored at each postrandomisation visit by asking a 
standard question. 



Analysis 

With 1 50 patients per group, a difference in survival curves 
could be detected with 80% power if 66% exacerbated in the 
reference group and 50% in the comparative group. Adjusting 
for a 35% dropout rate implied -^230 patients per group. 

An intention-to-treat analysis was used and all hypothesis 
testing was with two-sided alternative hypotheses; p<0.05 was 
considered statistically significant. Time to first exacerbation 
was analysed using a log-rank test and described further by 
hazard rates from a Cox proportional hazards model, with 
treatment as factor and stratifying by country. The number of 
exacerbations was analysed using a Poisson regression model 
(expressed as mean rate i.e. mean number of exacerbations 
per patient per year). Treatment and country were used as 
factors, time in study as an offset variable, and confidence 
intervals were adjusted for overdispersion. Oral corticosteroid 
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courses were analysed similarly to exacerbations. The FEVl 
and VC end-points were the mean of all available measure- 
ments during the treatment period, analysed in a multi- 
plicative analysis of variance (with logarithm of values) with 
treatment and country as factors, and the randomisation 
value as a covariate. The mean ratios were presented as per 
cent increases. Both primary variables were required to give 
statistical significance at the 5% level in order to keep the 
overall significance level to 5% in the final conclusion [20]. 
Differences in subgroup response were addressed using 
standard "treatment by subgroup" interaction analyses. 
SGRQ was analysed in a similar manner to FEVl but based 
on the last available measurement on treatment. Diary-card 
variables were also analysed in a similar manner to FEVl but 
with an additive model. 



Results 

Patients 

Of 1,141 patients enrolled into the study, 119 (10%) 
withdrew during run-in; 26% of these were due to COPD 



worsening and 24% due to AEs other than COPD worsening. 
Following run-in, 1,022 patients were randomised, of whom 
629 (62%) completed the study (table 1). Mean demographic 
and baseline characteristics were similar across ail treatment 
groups (table 2) and correspond in general to GOLD stages 
III and IV COPD [12]. After the initial period of treatment 
optimisation, the group mean FEVl had increased by 
(mean±SD) 0.21 ±0.32 L and the SGRQ Total score decreased 
by 4.5±10.7 units. 



Withdrawal from study 

The budesonide/formoterol group had a lower risk of 
withdrawing from the study compared with the placebo, 
budesonide and formoterol groups (table 1). There was no 
significant difference in withdrawal rates versus placebo in 
either the budesonide group or the formoterol group. 

After randomisation, 393 patients withdrew from the study; 
193 of these were due to COPD worsening, 72 withdrew 
because of AEs other than COPD worsening, and 128 for 
other reasons (table 1). Significantly fewer withdrawals due to 
COPD worsening were reported in the budesonide/formoterol 



Table 1.- Patient flow and withdrawals 





B/F 


6 


F 


Placebo 


Total 


Patients enrolled 










1141 


Patients withdrawn during run-in 










119 


Patients randomised 


254 


257 


255 


256 


1022 


Patients withdrawn after randomisation^ 


74 (29) 


102 (40) 


1 1 1 (44) 


106 (41) 


393 (38) 


Patients withdrawn due to COPD worsening^' 


28 (11) 


46(18) 


59 (23) 


60 (23) 


193 (19) 


Patients withdrawn due to adverse event other than COPD worsening 


20 (8) 


21 (8) 


20 (8) 


11 (4) 


72 (7) 


Patients lost to follow-up 


0(0) 


2 (0.8) 


3(1.2) 


3(1.2) 


8 (0.8) 


Eligibility criteria not fulfilled 


4(1.6) 


4(1.6) 


4(1.6) 


6 (2.3) 


18 (1.8) 


Other reasons 


22 (8.7) 


29 (11.3) 


25 (9.8) 


26 (10.2) 


102 (10.0) 


Patients completing study 


180 (71) 


155 (60) 


144 (56) 


150 (59) 


629 (62) 



Data are presented as n (% of randomised patients per group) unless otherwise stated. B: budesonide; F: formoterol; COPD: chronic obstructive 
pulmonary disease. p=0.001 budesonide/formoterol versus placebo, p=0.037 budesonide/formoterol versus budesonide, p<0.001 budesonide/ 
formoterol versus formoterol, p=0.223 budesonide versus placebo, p=0.950 formoterol versus placebo (Cox proportional hazards model); \ p<0.001 
budesonide/formoterol versus placebo and versus formoterol, p=0.038 budesonide/formoterol versus budesonide, p=0.031 budesonide vermy placebo, 
P=0.6I6 formoterol versus placebo (Cox proportional hazards model). 



Table 2. -Patient demographic and baseline characten'stics (at enrolment, unless otherwise stated) 





B/F 


B 


F 


Placebo 


Patients randomised n 


254 


257 


255 


256 


Male % 


78 


74 


75 


75 


Age yrs 


64 (42-86) 


64 (41-85) 


63 (41-84) 


65 (43-85) 


Current smokers % 


33 


39 


36 


30 


Pack-yrs 


39 (10-240) 


39 (10-150) 


38 (10-120) 


39 (10-150) 


Previous medication % of patients 










ICS 


47 


51 


48 


46 


Inhaled SABAs 


52 


49 


53 


48 


Anticholinergics 


29 


30 


30 


32 


Inhaled LABAs 


31 


30 


30 


25 


Xanthines 


37 


33 


40 


36. 


Inhaled combination of p2-agonist and anticholinergic 


16 


18 


18 


22 


FEVl L 


0.98±0.33 


0.99±0.33 


1.00±0.32 


0.98±0.33 


FEVl % predicted 


36±10 


36±10 


36±10 


36+10 


FEVlA^C% 


42±12 


44±12 


44±12 


44±11 


Reversibility % predicted 


6±7 


6±7 


6+6 


6±6 


Baseline SGRQ Total score at randomisation 


48+19 


49±18 


47±19 


48±18 



Data are presented as mean (range) or mean±SD unless otherwise stated. B: budesonide; F: formoterol; ICS: inhaled corticosteroid; SABA: short- 
acting p2-agonist; LABA: long-acting P2-agonist; FEVl: forced expiratory volume in one second; VC: vital capacity; SGRQ: St George's Respiratory 
Questionnaire. 
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group compared with the placebo, budesonide and formoterol 
groups (table 1). 



Exacerbations 

Budesonide/fonr.oterol prolonged time to first exacerbation 
compared with all other treatments (all p<0.05, log-rank test; 
fig. I). Hazard rale analysis showed that the risk of having an 
exacerbation while being treated with budesonide/formoterol 
was reduced by 22.7%, 29.5% and 28.5% versus budesonide, 
formoterol and placebo, respectively. The exacerbation rate 
with budesonide/formoterol was reduced compared with placebo 
(23.6%) and formoterol (25.5%) but not with budesonide 
alone (13.6%) (table 3). Neither budesonide nor formoterol 
affected either measure of exacerbation compared with placebo. 

When the analysis was restricted to oral corticosteroids 
given due to exacerbations, the lowest rates were found in the 
budesonide/formoterol and budesonide treatment groups 
(table 3). Budesonide/formoterol prolonged the time to first 
course of oral corticosteroids after randomisation; risk 
reductions were 32.7% and 33.8% versus budesonide and 
formoterol, respectively (both p<0.01), and 42.3% versus 
placebo (p<0.001). Budesonide/formoterol also reduced the 
rate of oral corticosteroid courses by 28.2%, 30.5% and 44.7% 



1.0- 
0.9- 



O CO 



0.8- 
0.7- 
0.6- 
0.6- 
0.4- 
0.3- 
0.0- 




40 80 120 160 200 240 280 320 360 400 
Days in study 



Fig. 1.- Kaplan-Meier plot of time lo first exacerbation by treatment 
group. Log-rank tests of budesonide/formoterol ( — ) versus budeso- 
nide ( ), p=0.037; budesonide/formoterol versus formoterol ( ), 

p=0.002; budesonide versus placebo (- - p=0.796; formoterol versus 
placebo, p=0.490; and budesonide/formoterol versus placebo, p<0.05. 



versus budesonide, formoterol and placebo, respectively; 
budesonide alone reduced the number of oral corticosteroid 
courses compared with placebo but formoterol did not 
(table 3). 



Lung function 

After the optimisation period, the improvement in FEVl 
seen during run-in was maintained with budesonide/formo- 
terol treatment throughout the study. In contrast, FEVl 
declined greatly and rapidly with all other treatments. This 
difference was significant with budesonide/formoterol com- 
pared with placebo (14%), budesonide (11%) and formoterol 
(5%), and with formoterol versus placebo (8%), but not with 
budesonide versus placebo (2%) (fig. 2). 

Changes in VC closely followed those of FEVl. Budeso- 
nide/formoterol and formoterol improved VC versus placebo 
(both p<0.00l), while budesonide/formoterol also improved 
VC versus budesonide (p<0.001). Budesonide/formoterol therapy 
was also associated with higher morning PEF compared with 
all other treatments, and higher evening PEF compared with 
placebo and budesonide (fig. 3). 



J3 

> 




0 1 2 3 4 5 6 7 8 9 10 11 12 
Months since randomisation 

Fig. 2. -Changes in mean forced expiratory volume in one second 
(FEVl) in the four treatment groups from randomisation to the 
average of all available measurements during the 12-month treatment 
period. Budesonide/formoterol (■) versus budesonide (•), p<0.001; 
budesonidcfTormoterol versus formoterol (□), pc=0.002; budesonide 
versus placebo (O), p=0,145; formoterol versus placebo, p<0.001; 
budesonido/formoterol versus placebo, p<0.00l. 



Table 3. -Analysis of exacerbations and oral corticosteroid courses due to exacerbations 





B/F 


B 


F 


Placebo 


Time to first exacerbation 










Median number of days 


254 


178 


154 


96 


*RR (95% CI) B/F versus other groups'^ 




0.773 (0.611^.980)* 


0.705 (0.558-0.891)** 


0.715 (0.562-0.910) 


p-value^ 


0.006 


0.512 


0.901 




Total number of exacerbations 










Mean rate per patient per year 


1.38 


1.60 


1.85 


1.80 


. RR (95% CI) B/F versus other groups^ 




0.864 (0.679-1.100) 


0.745 (0.587-0.945)* 


0.764 (0.600-0.973) 


p-value^' 


0.029 


0.308 


0.828 




Exacerbations requiring oral corticosteroids 










Mean rate per patient per year 


0.63 


0.87 


0.91 


1.14 


RR (95% CI) B/F versus other groups"*" 




0.718 (0.543-0.949)* 


0.695 (0.523-0.923)* 


0.553 (0.420-0.728) 


p-value^ 


<0.001 


0.044 


0.085 





B: budesonide; F: fo;inoterol; RR: rate ratio; CI: confidence interval. a RR of 0.715 represents a reduction in rate of 28.5%; ^: verjwj placebo; 
rales from Poisson regression model, RR is hazard ratio from Cox proportional hazards model. *: p<0.05 in favour of budesonide/formoterol; •*: 



p<0.01 in favour of budesonide/formoterol. 
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Months since randomisation 

Fig. 3. -Change in peak expiratory flow (PEF) from randomisation 
to the average of all available measurements during the 12-month 
treatment period (from daily diary-card data). Budesonide/formoterol 
(top line) therapy was associated with a) higher morning PEF versus 
placebo (bottom line; 18 L-min"' difference, p<0.001), budesonide 
(line third from top; 15 L-min"', p<0.001) and formoterol (line 
second from top; 7 L-min*\ p=0.007). Formoterol versus placebo 
p<0.001. b) Budesonide/formoterol therapy was associated with 
higher evening PEF versus placebo (14 L-min'', p<0,001) and 
budesonide (12 L-min'', p<:0.001), but not versus formoterol 
(5 L min'') and this improvement was sustained throughout the 
treatment phase. Fcrmoierol was also associated with placebo 
(p<0.001). 

For both exacerbations and FEVl, interaction analyses 
between treatment and sex, smoking status/history, reversi- 
bility or use of ICS at entry, were performed in order to 
investigate differences in treatment response. There was no 
evidence of heterogeneity in the treatment differences vwth 
respect to the primary variables in any of these categories, 
i.€. the results in these groups were consistent with the main 
analysis. 



Health-related quality of life 

Baseline values for the SGRQ Total score were similar in 
each group and high, indicating poor HRQL (table 2). At the 
end of the run-in period, Total scores had improved by a 
mean of 4.5 units (range 3.6-4.8; fig. 4), During the treatment 
period, the Total scores fell further in the budesonide/ 
formoterol group, representing an additional improvement 
beyond that achieved during run-in. Treatment with budeso- 
nide or formoterol allowed the initial improvement in HRQL 
to be maintained, while HRQL in the placebo group 
deteriorated to the original (prerun-in) values (fig. 4). Thus, 




Months since randomisation 



Fig. 4, -Time course of the change in St George's Respiratory 
Questionnaire Total scores relative to first attendance measured at 
clinic visits. At 12 months, budesonide/formoterol (■) versus budeso- 
nide (•), p=0.001; budesonide/formoterol versus formoterol (□), 
pc=0.014; budesonide versus placebo (O), p<0.05; formoterol versus 
placebo, p<0.01; and budesonide/formoterol versus placebo, p<0.001. 

all active treatments improved the Total score versus placebo, 
with the greatest improvement occurring with budesonide/ 
formoterol (differences at 12 months of -7.5, -3.0 and -4.1 
versus placebo for budesonide/formoterol, budesonide and 
formoterol, respectively). Similarly, Symptoms, Activity and 
Impacts domain scores were each improved by ^5.5 units 
in those patients receiving budesonide/formoterol compared 
with the placebo group (p<0.01). In addition, budesonide/ 
formoterol showed improvements versus monocomponents 
in the Activity (changes of -3.6 versus budesonide and -3.5 
versus formoterol, both p<0.05) and Impacts (changes of 
-5.7 (p<0.001) versus budesonide, and -3.7 (p<0.05) versus 
formoterol) domains, but not in the Symptoms domain (-2.8 
versus budesonide and -0.6 versus formoterol). 



Symptoms 

Budesonide/formoterol and formoterol improved the total 
symptom score and the individual symptom scores for 
shortness of breath, chest tightness and night-time awaken- 
ings compared with placebo. Budesonide also improved the 
night-time awakenings score compared with placebo. None of 
the treatments significantly improved the cough score. Mean 
data for changes from run-in to end of treatment in symptom 
scores and differences between groups are shown in table 4. 



Use of reliever medication 

Budesonide/formoterol significantly reduced the use of 
reliever medication by 0.8 inhalations per day versus both 
budesonide and placebo (both p<:0.001), and by 0.3 inhala- 
tions per day versus formoterol (p<0.05), and formoterol 
reduced reliever medication intake by 0.4 inhalations per day 
versus placebo (p<0.01). Budesonide alone had no effect on 
this variable compared with placebo. 



Safety 

No further safety issues for budesonide/formoterol were 
identified in this study compared with what is previously 
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Table 4. -Mean changes from run-in to end of treatment In symptom scores 





Total symptom 
score (0 -16) 


Shortness of 
breath score (0-4) 


Chest tightness 
score (0-4) 


Cough score (0-4) 


Night-time 
awakening score (0-4) 


B/F versus placebo 

p-value 
B/F versus B 

p-value 
B/F versus F 

p-value 
B versus placebo 

p-value 
F versus placebo 

p-value 


-0.56 (-0.89-0.24) 

<0.001 
-0.26 (-0.58-0.07) 

0.120 
-0.02 (-0.35-0.30) 

0.891 
-0.30 (-0.63-0.02) 

0.067 
-0.54 (-0.87—0.21) 

0.001 


-0.21 (-0.32-0.10) 

<0.001 
-0.12 (-0.23-0.01) 

0.040 
0.00 (-0.11-0.11) 

0.946 
-0.09 (-0.20-^.02) 

0.100 
-0.21 (-0.32—0.10) 
<0.001 


-0.16 (-0.26-0.05) 

0.004 
-0.09 (-0,20-0.01) 

0.080 
-0.01 (-0.12-0.09) 

0.788 
-0.06 (-0.17-0.04) 

0.238 
-0.14 (-0.25—0,04) 

0.008 


-0.07 (-0.17-0.03) 

0.180 
-0.02 (-0.12-0.08) 

0.651 
-0.02 (-0.12-0.08) 

0.705 
-0.05 (-0.15-0.05) 

0.372 
-0.05 (-0.15-O.05) 

0.335 


-0.16 (-0.27-0.05) 

0.004 
-0.05 (-0.16-0.06) 

0.361 
-0.04 (-0.15-0.07) 

0.463 
-0.11 (-0.21—0.00) 

0.049 
-0.12 (-0.22—0.01) 

0.033 



Data are presented as mean (95% confidence interval) unless otherwise stated. B: budesonide; F: formoterol. 



known for budesonide/formoterol, budesonide and formo- 
terol in COPD and asthma. The mean number of AEs 
experienced with budesonide/formoterol was no different 
from that with placebo (5, 5, 6 and 5 AEs per 1,000 treatment 
days for the budesonide/formoterol, budesonide, formoterol 
and placebo groups, respectively), and the most frequently 
reported AEs were similar across the treatment groups 
(table 5). The lowest number of withdrawals was in the 
budesonide/formoterol group (table 1) and the lowest number 
of serious AEs other than deaths were in the budesonide/ 
formoterol and placebo groups (65, 88, 85 and 66 in the 
budesonide/formoterol, budesonide, formoterol and placebo 
groups, respectively). The number of serious AEs related to 
COPD was 40, 40, 55 and 38 in the budesonide/formoterol, 
budesonide, formoterol and placebo groups, respectively. The 
numbers of deaths were 5, 6, 13 and 5 in the budesonide/ 
formoterol, budesonide, formoterol and placebo groups, 
respectively. Most of the deaths were events related to 
COPD and only a few were related to cardiovascular events. 



Discussion 

Many clinicians manage newly referred COPD patients by 
intensifying their treatment, often including a period of oral 



Table 5. -The most frequently reported adverse events (AEs) 





B/F 


B 


F 


Placebo 


Subjects n 


254 


257 


255 


256 


COPD" 


48 (19) 


62 (24) 


73 (29) 


79 (31) 


Respiratory infection 


36 (14) 


34 (13) 


33 (13) 


24(9) 


Fever 


5(2) 


9(4) 


11 (4) 


2(1) 


Dyspnoea 


5(2) 


5(2) 


12(5) 


5(2) 


Back pain 


8(3) 


4(2) 


6(2) 


7(3) 


Pharyngitis 


7(3) 


.5(2) 


8(3) 


5(2) 


Chest pain 


8(3) 


4(2) 


6(2) 


5(2) 


Hypertension 


6(2) 


9(4) 


3(1) 


5(2) 


Pneumonia 


8(3) 


5(2) 


7(3) 


2(1) 


Rhinitis 


11 (4) 


3(1) 


6(2) 


1 (<0.5) 


Dysphonia 


5(2) 


5(2) 


1 (<fl.5) 


1 «0.5) 


Moniliasis 


4(2) 


4(2) 


2(1) 


0(0) 



Data are presented as n (%) of patients reporting at least one AE after 
the first dose of investigational product unless otherwise stated. B: 
budesonide; F: formoterol; COPD: chronic obstructive pulmonary 
disease. ^: COPD was reported as an AE only if the COPD symptom 
(bronchitis, phlegm, cough, increased sputum production, breath- 
lessness, wheeze, dyspnoea) was serious (resulted in death, was 
life-threatening, required hospitalisaUon or prolonged existing hospi- 
talisation, or resulted in persistent or significant disability/incapacity), 
or resulted in the patient's withdrawal from the study. 



corticosteroid therapy with the hope of selecting individuals 
who are "corticosteroid responders". A substantial number of 
patients show spirometric improvements with either a P2- 
agonist or oral corticosteroids, or both [21]. Unfortunately, 
neither the presence of a "positive" or "negative" oral 
corticosteroid response in patients with more severe COPD 
predicts future response to inhaled therapy [9]. Whether these 
improvements in lung function are accompanied by changes 
in symptomatic end-points like HRQL has not been studied, 
nor has the ability of inhaled drugs to maintain these effects 
been assessed, although results from observational studies 
suggest that at least ICS may be beneficial [22]. This study 
shows that significant short-term improvements in lung 
function (both FEVl and PEF) and HRQL occur after 
optimised treatment with formoterol and oral corticosteroids, 
and that these improvements can be maintained for a year 
using budesonide and formoterol in the same inhaler. 

This is the first study to show that after an intensification 
regimen, administration of an ICS and long-acting P2-agonist 
in a single inhaler prolongs the lime to a first COPD exacer- 
bation, compared with monocomponents. Moreover, these 
data add further strong support to recent studies where these 
drug treatment classes have been combined and therapy has 
initially been withdrawn, rather than optimised,, during the 
run-in phase [5, 6], The exacerbation frequency in this study 
was almost identical to that reported in the previous study of 
budesonide/formoterol in COPD patients of a similar disease 
severity [5], and the effects of each treatment were the same in 
both studies. In this study, budesonide/formoterol was clearly 
better than monocomponents at preventing exacerbations, 
while budesonide had a small effect on episodes where oral 
corticosteroids were considered necessary. The lack of effect 
of formoterol may reflect the more severe nature of the 
episodes used as the. outcome here {ie. requiring medical 
intervention) rather than the "bad days" used as a surrogate 
for exacerbations in other studies [3]. The similarities of the 
data presented in this paper to those of Szafranski et ai [5] 
indicate that prior treatment optimisation does not influence 
this outcome. The more severe disease in the patients studied 
(FEVl 36% pred) is the likely explanation of the greater 
number of episodes seen here compared with other studies [6, 
9], a difference that increases the power of the study to detect 
an effect of treatment. The 24% reduction in exacerbations 
with budesonide/formoterol compared with placebo may trans- 
late into worthwhile improvements in patient well-being. 
Furthermore, the reductions are probably underestimated 
since the lowest withdrawal rate occurred in the budesonide/ 
formoterol group. It is likely that the most severely ill patients 
dropped out first, potentially leading to a lower number of 
exacerbations in the other groups. To some extent, this bias 
applies to lung function and HRQL differences as well. 
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Budesonide/formolerol was able to maintain FEVl at the 
run-in level over the study year. In contrast, lung function 
(both FEVI and PEP) returned to baseline by 1 month in 
patients treated with either placebo or budesonide and, as 
judged by the PEF data from the daily diary cards, this 
change occurred within 2 weeks of randomisation to these 
treatments. Numerically, the formoterol data lay between 
those of the other treatment limbs, but the values were 
significantly smaller than those measured using budesonide/ 
formoterol. The size of the spirometric changes, comparing 
budesonide/formoterol with placebo and individual compo- 
nents, was almost identical to that seen when combination 
therapy was introduced after a period of treatment with- 
drawal [5, 6], rather than after the intensification regimen 
used here. The PEF data also show that within 2 weeks of 
stopping intensified therapy, clinical benefits of treatment 
optimisation were diminished in all patients not taking 
budesonide/formoterol. 

Budesonide/formoterol produced significant improvements 
in daily symptom scores compared with placebo, as did 
formoterol versus placebo (except for cough, which was 
unchanged). The absolute changes were similar to those seen 
by SzAFRANSKi et al [5] who used the same questionnaire. 
Even modest improvements in syniptom scores are likely to 
lead to improved mobility and an increased level of activity. 
However, there were statistically and clinically significant 
differences between treatments in their ability to sustain the 
HRQL improvement after optimisation of therapy. Budeso- 
nide/formoterol treatment was associated with the largest 
difference in the SGRQ Total score compared with placebo, 
which clearly exceeded the minimum clinically important 
ditTerence of 4 units [19]. Improvements in Total score 
compared with placebo were also clinically important with 
fonnoterol alone, and approached clinical relevance for 
budesonide alone. The additional effect of budesonide/ 
formoterol on HRQL compared with monocomponents is 
likely to reflect the lower number of exacerbations experi- 
enced by these patients, since HRQL is known to be worse in 
frequent exacerbators [16]. 

All the active treatments had some positive effect on 
HRQL; the change seen over the year in the budesonide 
group being almost identical to that seen in the less spiro- 
metrically impaired Inhaled Steroids in Obstructive Lung 
Disease study patients, who were also studied after an initial 
course of prednisolone [9]. Inclusion of an optimised treat- 
ment phase may overcome problems in assessing HRQL in 
clinical studies as it reduces the immediate effect of with- 
drawing ICS that has been associated with more frequent 
exacerbations [23, 24]. This approach should permit a more 
realistic comparison to be made of treatment efTect on HRQL 
and overcomes the "clinical-trial efTect" seen in the placebo 
limb of other 1-yr trials [6], 

In this study, AEs were monitored by specific enquiry at 
each visit. No new safety issues related to treatment with 
budesonide/formoterol were identified during 12-months 
treatment. The incidence of AEs related to COPD was clearly 
lower in the budesonide/foiinoterol group compared with the 
other groups, and overall, a low incidence of hoarseness and 
moniliasis was reported. 

This study did not collect bone mineral density data, 
although the dose of budesonide used did not affect this 
variable during 3 yrs of treatment in patients with less 
advanced COPD [25]. As expected when studying a COPD 
population of this severity, a number of deaths occurred. The 
number of serious AEs and deaths reported were highest in 
the formoterol treatment group and most of these were events 
related to COPD. An investigation into the individual causes 
of death did not give an explanation for the apparent 
difference between the groups, and no increase in mortality 



during formoterol treatment without ICS was observed in 
a previous study with a similar patient population [5]. 
Conversely, increased disease severity/mortality has been 
reported in some recently published studies with bronchodi- 
lators alone [26-28]. These observations, together with the 
potential seriousness of severe exacerbations, suggest that a 
combination of a long-acting bronchodilator and an ICS 
may be particularly appropriate in patients with this severity 
of COPD. 

The reasons for the improved efficacy of budesonide/ 
formoterol are not yet clear, although corticosteroids can 
upregulate the number of P2-receptors on the cell membrane 
and p2-agonists may increase the nuclear localisation of 
glucocorticoid receptors [29]. It also seems that formoterol 
and budesonide in combination are more effective at reducing 
proliferation of airway smooth muscle than either drug alone, 
as a result of synchronised cellular signalling [30]. Clinically, 
each type of drug appears to add something to the combined 
effect with the improvement in symptoms, lung function 
(FEVl, PEF), and HRQL associated with formoterol being 
complemented by the reduction in exacerbations and belter 
HRQL seen with budesonide. Whether these effects are 
merely additive or represent true synergy cannot be estab- 
lished here, but the difference in treatment withdrawal 
between the group taking budesonide/formoterol and those 
taking the other treatments is likely to be explained by these 
multiple beneficial actions. 

This study has a number of implications. It provides further 
and clearer evidence of the effectiveness of ICS and long- 
acting P2-agonists on health status, exacerbations, lung 
function (FEVl and PEF) and HRQL, in COPD (GOLD 
stages III and IIV), and of their additional clinical benefit 
when combined in a single inhaler. Secondly, standardising 
therapy for a period before entry into a long clinical trial 
allowed greater improvements in HRQL than seen in similar 
trials that did not include this run-in treatment. This is a novel 
approach that may allow for easier interpretation of this end- 
point, and merits further study. 

Finally, this study provides evidence that intensifying 
treatment in stable chronic obstructive pulmonary disease 
may be a useful way of rapidly improving patient well-being 
and that this approach merits future study as an alternative to 
stepwise increments in treatment intensity. 
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Lon^ter m effect of inhaled budesonide in mild and moderate 
chronic obstructive pulmonary disease: a randomised 
controlled trial 

J0rgen Vesttio, Torbeti S0rBnsen, Peter Lange, Anders Btix, Piero Torre, Ha} Viskum 



Summary 

Back^oimd Uttle Is known about the long-term efficacy of 
inhaled corticosteroids In chronic obstructive pulmonary 
disease (COPD). . we Investigated the efficacy of Inhaled 
budesonide on decline In tung function and respiratory 
symptoms in a 3^ar piaoebocontrolled study of patients with 
COPD. 

Methods we used a paralle^up, randomised, double^llnd, 
piaoebocontrolled design In a sin^ecentre study, nested in a 
continuing epidemiological sun«y (the Copenhagen City Heart 
Study), Inclusion criteria were as follows: no asthma; a ratio of 
forced explratoiy volume mis (FEVJ and vital capacity of 0-7 
or less; FEV, which showed no response (<15% change) to 
1 mg Inhaled terbutallne or prednisolone 37-5 mg orally once 
dally for 10 days. 290 patients were randomly assigned 
budesonide. 800 ^g plus 400 ^g daily for 6 months followed 
by 400. pg twice daily for 30 months, or placebo toT 
36 months. The mear> aga of the participants was 59 years 
and the mean FEV^ 2-37 L or 8696 of predicted. The main 
outcome measure was rate of FEV^ decline. Analysiss were by 
Intention to treat. 

findings The crude rates of FEV, decline were slightly smaller 
than expected (placebo group 41-8 mL per ysar. budesonide 
group 45-1 ml per year). The estbnated rates of decl^ from 
the regression model did not differ significantly (49-1 mL vs 
46 0 mL per yean dtfTierence 3*1 mL per year (95% CI -12-8 
to 19-0]; p=0'7). Befoie the study, the minimum relevant 
difference was deflned as 20 mL per yean this difference was 
outside the 95% Cl. No effect of inhaled budesonide was seen 
on resporatory symptoms. 316 exacerbations occurred durfr^ 
the study period, 155 In tfie budesonide group and 161 In the 
placebo group. Treatment was well tolerated. 

mteipratatlon Inhaled budesonide was of no clinical benefit in 
COPD patients recruited from tiie general population 'br 
screertlng. We question the role of long-term inhaled 
corticosteroids in the treatment of mild to moderate COPD. - 

lancet 1999; 353: 1819-23 
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tntroditctioii 

Although the use of inhaled coiticosceroids in asthma is 
regarded as first-line therapy, treatment with inhaled 
corticosteroids in chronic obstructive pubnonaxy disease 
(COPD) is not based on evidence. Nevertheless, inhaled 
corticosteroids are used extensively in COPD; for example, 
in a Canadian survey 43% of patients who used inhaled 
cottioosteroids had COPD.' Although inhaled conico- 
steitnds can reduce coug^ and mucus secretion by 
suppressing acute inflammatory, changes in the airways, die 
long-temi «im is direaed towards decre asing the excess 
dedine in forced expiratoxy volume in 1 s (FEV,), which is 
characteristic of COFD. 

Data on the eflfea of inhaled corticosteroids on rate of 
FEV, dedine are limited and leave much room for differem 
interpretations owing to bdow optimum methods. An early 
indication of tf beneficial effect of cordoosteroids has come 
firom uncontrolled studies of long-tem ireatmem wxdi low 
to moderate doses of systemic corticosteroids.^' However, 
there have been no placd>o-conirolled long-temi studies of 
oral corticosteroids and few controlled long-term studies of 
inhaled corticosteroids in ' COFD. ' Kerstjens and 
colleagues* showed an effea on both FEV, and number of 
exaceibations, but their study had limited value because no 
distinction was made between asthma and COPD at 
indusion. This distinction was more obvious in a smaller 
study,* which also showed an effect of inhaled 
corticosteroids of FEV,. Two studies*"' have r^orted 
substantia] effects on the rate of FEV, dedine, although the 
statistical power was poorly dcscnbed. A meta-analysis of 
substrata induding patients without asthmatic features 
from three of these studies*^ showed an estimated 2-year 
difference in prebronchodilaior FEV, between patients 
treated with inhaled cordcosteroids and placebo (34 mL 
per year).' This difference was significant even though a 
third of the padents originally included were excluded from 
the meta-analysis. Paggiaro and colleagues* showed an 
effect of inhaled fluticasone on F£V„ respiratory 
symptoms, and disease seventy in patients with wdl- 
defined COPDj the study, however, only lasted 6 months. 

The aim of this study was to assess the long-term 
efficacy of inhaled budesonide on change in FEV, in 
individuals with airway obstruction in whom FEV, was not 
substantially improved in response to inhaled p,-agonists 
and oral steroids. Respiratozy symptoms and frequency of 
exaceibadons were secondary outcome measures. 

Mettiods 

Stu(fy population 

The study was a S^ear double-blind, parallel-eroup, randomised 
dimcal trial nested in a continuing eptdennologiail study, the 
Copenhagen City Hcait Study (CCHS). The CCHS was started 
in the mid-1970s and die study populadon was a random, age- 
snatificd sample of 19 327 individuals of 87 172 aged at least 
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20 yean, who were living in a defined area around Rigshospitalet 
in Copenhagen in 1976. In 1976-78, CCHS exaniincd 14 223 
individuals (response rate 73*6%); a detailed description of the 
study procedure has been published previously.'^' The study 
population has been re-examined and new participants in the 
youngest age-group have been added to the study after 5 years and 
1 5 years. At the latest survey in 1992^94^ 10 127 individuals were 
questioned about respiratoiy symptoms and examined by 
s plr u m ctiy (Vitalograph« Eimis, Ireland). Individuals whfa an 
FEV/viial capacity ratio of 0*7 or less and no self-reported asthma 
were referred to this study for further screening for inclusion. 

Incfaision oiteria were as follows; CCHS participant age 30-70 
years; FEV/vital capacity ratio 0-7 or less; FEV, reversibiltty after 
inhalation of 1-0 mg terbuiafine from Turbuhaler (Bxicanyl, Lund, 
Sweden) of less than 15% of prebnmchodUator FEV,; FEV, 
reversibility after 10 days of treatment with oral prednisolone 
37*5 mg daily of less than 15% of prebronchodilator FEV,; and 
informed consent. Pack-years or other measures of dgarene 
smoking were not pan of inclusion oiteria. The main exclusion 
aiterion was lung-temi treamient (more than two episodes of 
more than 4 weeks) with oral or inhaled steroids within 6 months 
of study entry. Other exchision oiteria were pregnancy or 
lactation^ intention to become pregnant* other scrioiu systemic 
disease that could influence die results of this study (investigators' 
judgment), chronic alcohol or drug use, and participation in other 
clinical smdies of COPD within 1 monifa of inclusion. 

Design ants piooedures . 

When patients were referred from CCHS, their King function was 
measured fay pneumotachography Qaeger Masterscreen System, 
WQnzbuzg, Germany). If airways obstruction was confirmed, 
FEV| revcrsibifir/ in reqwnse to 1*0 mg terbutaline was tested. If 
there was no response, the response to oral steroids (37'5 mg 
prednisolone once daily for 10-12 days) was tested. If the patient's 
FEV, was not reversible and he or she still wished to parddpate, 
randomised treatment assignment was obtained. Visit 1 took place 
at least 6 weeks alter compledan of the steroid reversibiHty test. 

Patieno were randomly aUocated either inhaled budesonide or ' 
placebo. Budesonide was given as 800 M'g to the morning and 
400 ^ in the evening for 6 months and 400 ^ twice daily for . 
30 months. Budesonide was given in - the Turbuhaler as 
biktesonide- powder for inhalation (400 ^g per dose, 200 doses; 
Astra Pharmaceutical Production A9, Lund, Sweden), nacebo 
was alro gi\en in the Tisfauhalcr as lactose powder for inhalation 
(200 |Lg per dose, 200 doses; Astra Pharmaceutical Production 
AB). Alf study inhalers (budesonide and placebo) had the same 
appearance. Randomisation was masked and the randomisation 
sequence generated by computer at Astra Study nimibexs were 
ollocated in a consecutive order. The randomisation code was held 
by Astra and was not available to the researchers until the study 
had been completed. 

Continuous us? of inhaled corticosteroids other than study 
medication was not allowed. Oral, inhaled, or parenteral sterokis 
coiild be used during exaceibanons for up to three periods of 
4 weeks each year. An exacerbation leading to use of additional 
corticosteroids w(u noted as an adver:>e event Treatment with 3,- 
agonists of all kinds, theophylline, disodium chromoglycau, and ' 
mucolytics was allowed but kept oonstanL Concomitant use of 
blockos was not allowed during the study. 

Participants were seen every 3 months. At eadi visit, 
measurements of spirometric indices (FEV,, vital capacity, and 
forced vital capacity) were made 15 min after inhalation of 1 -0 mg 
tcrbmaline. Values from the best of three spirometry tracings 
meeting the criteria of the American Thoracic Society were 
recorded, and the highest value of each variable was selected for 
analyses. At every other vitit (every 6 months) additional 
measurements of FEV,, vital capacity, and forced vital capacity 
were made before inhalation of terbutaline (ie, a reversibility test). 
At baseline, after 6 months, and at the end of the study (visits 1, 3, 
and 13), lung function was assessed three times on separate days 
during a 10-day period; the mean vahte was used in all analyses. 
For each individual, hzng function was tested before or after 



1200 h at each visit to limit variation due to (oortnaD ditmaal 
variations. All readings were at normal body temperature and 
ambient pressure. In case of exacerbations or upper-aiiway 
infection in the preceding perioc^ spirometry was repeated 4 weeto 
later. When comparing readings with predicted values for FEVj, 
we used two sets of reference vahies, European referenoe vahies,"' 
and vahjes derived from healdiy nevcr-smokeis in the CCHS." 

At every eltemate visit, res p ira to r y symptoms were recorded by 
use of a short questionnaire based on the UK Medical Researdi 
Council questionnaire. The following re^iratory symptoms were 
regbtered: wheeze, wheeze without a cold, breathlessness at rest 
and at difiexent grades of exertion, cough night and day, phkgm 
night and day, chronic phlegm, and chest tigress. An 
exacerbation was defined as an afiBrmative answer to the question, 
"Have you since your last visit* experienced more coug^ and 
phlegm than usual?". Futhexmore, detailed questions on smoking 
habits and changes in smoking habits Vftst asked and caibon 
monoxide in expired air was measuivd. 

The study was dcme m accordance with the principles stated in 
the Declaration of Helsinki The study protocol, indiiding the 
final version of the patients' information and informed consent 
fotmt was approved by the ethics conunittee trf" O^ienhagim and 
Frederiksbeig . Commimidpalities. AO pstieDiB gave wrinsn 
infiirmed co n sent before inclusion in the stu^y. 

Statisttoal analysis 

InltiaQy, a lineariegression anaVsts widi tate of FEV, dedine as 
the dependent variable was cbosen> and on the basis of this 
statistical model we calculated that we would need 162 patients to 
detect a true difierence in rate of FEV, decline of 20 mL per year 
with a power of 80% arid a sigruficanoe level of 5%. Because lung> 
function measurements within an individual are strongly 
imercoxrelatcd, these data were analysed by a linear model for 
repeated measurements." 

The model for FEV, can be written as follows: 

where t is the individual, / is the muiber of the measurerrxnt, and 
the measurement itself is Age is that a entry, and ^ is the time 
for measurements j, . where t, is set at 1, being the first 
me asure m cm after start. of treatment. The e, values are normally 
distribuiBd with zero mean so that measurements from different 
patients are independent and the oovarianoe between 
measmrments from the same individual is imspecified but the 
same for all individuals. This oovariacce structure is also known as 
"unstructured" within patients. Data were analysed with restricted 
maximum likelihood in PROC AilXED of SAS (vetsioo 6.12). 

This model assumes measurements within patients to be 
correlated, possibly with different corrdations between 
measurement at different times. The mddd was verified against a 
larger linear model taftang the effects of treatment, age, sex, 
smoking status, and their intereciioru into acooimt. Specifically, 
none of the variables age, sex, or smoking had a dgnificant efifea 
on the rate of decline in FEV^. We dius derived a model 
describing a linear rate of dedine in FEV, with correction for age 
and sex. We analysed differences between creairoem gitmps in 
changes in symptoms over time using wdghted least squares for 
categorical repeated measurements.'* ' 

Results 

290 individuals were induded as a result .of the initial 
screctung; all individuals were assigned treatment as shown 
in figure ) . 87 patients withdrew from the study, 36 from 
the budesonide groiip and 51 fioxn the placebo group. 16 
patients in the budnonide group and 17 patients in the 
placebo group were withdrawn because of adverse events 
with no particular diflerence in pattern. Ten patients were 
withdrawn because of rapid deterioration of disease. 14 
patients had been wrongly included, and 30 patients 
dropped out for various leasons not related to disease. 
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Figure 1: Trial pmflio 

•Patients excluded t>ecause they did not want to paitidpae fiifther in the 
fecndtmsnt pfoossSi 

Of the 203 patients completing the study^ 198 made up 
ihe per-protocol population after exclusion of patients with 
compliance less than 75%, those who had exceeded the 
allowed amount of concomitant steroid treatment for 
exaceibaiions, and those who had received ^-blockers 
during the study. Characteristics and treatment effects 
did not differ between the intention-to-treat population 
and the per-protocol population; only intention-to-treat 
results are shown. Baseline characteristics for the study 
population are shown in the cable; 40% suited that they 
had no breathing problems. Ingure 2 shows the distribution 
of participants in- categories of COFD according to the 
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European Respiratory Sodc!^ according to European 
reference values and reference values from the CCHS. 

No significant effea of budesonide was found on the 
rate of FEV, decline, the main outcome measure. We 
measured the change in FEV, from baseline by examining 
the linear slopes for eadi treatment group. The crude rate 
of loss of lung function was 41-8 mL per year in the 
placebo group and 45*1 mL per year in Ae budesonide 
gzx>up (figure 3). The corresponding estimated rates of 
FEV, decline were 49 6 mL per year and 46-0 mL per 
year. The difference in estimated rates of decline (3*1 mL 
per year [95% CI -12*8 to 19 0J) was not significam 
(p=0*70). The prestudy minimum relevant difference of 
20 mL per year was outside die two-aded 95% CL We 
found no effect of substiatification on difference in rate of 
FEV, decline when dividing the population according to sex, 
smoking status, or baseline FEV, (cut-off 70% prediacd)> 
but the study was not powered for such subanalysis. 

In boA treatment groups^ symptoms decreased 
substantially during the study period but no differences 
between the two groups were observed. The decrease in 
symptoms over time was most apparent for questions on 
breathlessness and least obvious in questions on cough and 
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Time lirci'ilhit) 
Figure 3: Cnito mean chan^ from liasefine FEV ^ . 
Posil)ronGhodil8tor values are shown. 

chronic mucus hypersecretion. In the intention-to^treat 
population the number of patients with chronic mucus 
hypersecretion decreased from 53 of 143 to 1 8 of 91 in the 
budcsonide group and from 48 of 144 to 14 of 77 in the 
placebo group. There were 155 escacerbations in the 
budesonide group and 161 in the placebo group, the 
diffeienoe was not significant. Reversibility to a P,-agonist 
was not significantly affeaed by budesonide treatmentj 
although a non-significant trend towards less reversibility 
over time was seeni in the placebo group, reversibility at 
visit 1 was 7*2% versus 8*2% of baseline FEV, at the end, 
whereas it decreased from 81% to 6-7% of baseline FEV, 
in die budesonide group. 

Nine patients died during the study period, four in the 
budesonide group and five in die placebo group. None of 
the deaths were caused hy COPD and all were unrelated to 
treatment. 55 other serious adverse events were recorded in 
44 patients* 14 events in ten patients in the budesonide 
group and 41 events in 34 patients in the placebo group 
(p=0-001). None of die serious adverse events were 
believed to be related to treatment or treatment foilure; one 
patient in the budesonide group was admined to hospital 
twice because of exacerbations and one patient in the 
placdx) group was admitted once. 

11 patients in the budesonide group and eight patients in 
the placebo group had adverse events leading to 
withdrawal from the study. In total, 36 patients in the 
budesonide group and 34 patients in die placebo group 
reported temporary worsening of their disease during the 
study. Pneumonia was recorded in 16 patients in the 
budesonide and in 24 patients in the placebo group; 34 
patients in each group had a least one reported viral 
infection. No specific panem in non-severe .adverse events 
was seen. 

Discussion 

This long-term single-centre study did not show an effect 
of budesonide on rate of decline in lung function in 
patients with irreversible COPD sampled from a large 
population survey. The small difference in rate of FEV, 
decline of 3* 1 mL per year was not statistically or clinically 
significant. 

Much controversy exists in the area of inhaled steroids in 
COPD, mainly because there have been no long-term 
controlled trials in patients with irreversible airflow 
obstruction and no features of asthma. Preliminary results 
fiom the large European multicentre study Euroscop," 



comparing budesonide 400 M'g twice daily and placebo for 
3 yean> caused debate, about how to analyse and interpret 
the findingBj the final results will show whether any efiea. 
of budesonide is present. The British multicentre study 
ISOLDE," which compared fluticasone 500 pLg twice daily . 
and placebo, differs frcnn ours and Eurosoop because more 
severely ill patients were induded. The study fay Paggiaro 
and colleagues* also differed from ours because the mean 
baseKne FEV, of their patients was about 0-5 L lower. 
They found significantly less severe eicaoerbations in the 
group treated with inhaled corticosteroids but no 
significant reduction in the total number of exacerbations. 
We recorded similar numbers of exacerbations in the 
budesonide and placebo groups but because we had only a 
crude measure of exacerbations, our study may not be able 
to detect subtle difference in grading. . 

Lack of statistical power does not seem to be the reason 
for the absence of an effect of inhaled steroids on decline in 
lung function in patients with COFD in our study, because 
the predefined minimum relevant difference was outside 
the 95% CI. Also, a lack of efifea cannot be ascribed to 
underdosing; we chose a fairiy hi^ dose and the results = 
did not change when the small number of patients with 
mean compliance less than 75% were excluded from the 
intenuon-to-treat population. 

The rate of decline in FEV, seen in both stucfy groups 
was smaller than the expected 50-60 mL per. year. We 
cannot explain this discrepancy. However, our study differs 
from other studies in the way patients were recruited. All 
partidpants were recruited from a continuing 
epidemiologica] study on die basis of their FEV,/vital 
capacity ratio." Previous analyses firom CCHS have shown 
rates of dedine in FEV, of 25-30 mL per year among non- 
smoken and of 45-^5 mL per year, in heavy smokers with 
chronic mucus hypersecretion.*'*'* Several of -our 
participants had very few symptoms, but whether this 
exclusion of referral bias plays a part is unknowtL Steroid 
irreversilnlity was an important inclusion criterion in this 
study and for this purpose a lO-day course of 37*5 mg 
prechiisolone was administered to all potential participants. 
This steroid irreversibility criterion migfat have led to 
selection of patients less likely to respond to inhaled 
corticosteroids. However, we are unable to look fiuther 
into this possilnlsty. Paggiaro and colleagues* reported an 
initial significant effect of inhaled cortioostercnds on FEV,. 
Any short-term effect coukl be escplained by an effea on 
acute inflammatory dianges, wfaidi is also seen in a 
proportion of patients when systemic steroids are given." 
The likelihood of an acute response increases when 
features of asthma such as eosinophilia, broncfaodilator 
response, and atopy are present. A long-term effea would, 
however, have to modify the natural course of the disease; 
reversal or even inhibition of such irreversible features as 
remodelling of the small airways, loss of alveolar 
attachments, and proteolytic destruction of elastic 
pulmonary tissue by inhaled corticosteroids does not seem 
likely. In contrast to preliminary reports fiom Euroscop, 
we found no isolated effect in women. Bronchial hyper- 
responsiveness seems to be more prevalent in non- 
asthmatic women than in not^-asthmatic men;*^' therefore, 
inhaled steroids mig^t be expeaed to have a diSerential 
effecting men and women. 

Inhaled corticosteroids have a profoundly bcncfidal 
effea in astiima*' and their central role in treatment cannot 
be disputed." Thus, on the basis of our findings, the 
clinical efiQcacy of inhaled corticosteroids differs in asthma 



1622 



THE LANCET • Vd 353 • Mqr 29, 1 999 



ARTICLES 



and COPD. Studies of cell types and mediators from 
bronchoalveolar lavage fluid have abo shown dear 
diffeiences between asthma and COPD,'*^ and a shon- 
tcnn study has shown that inhaled steroids have Htde 
effea> if any, on inflammatory processes in COPD.'* 
Differentiation between asthma and COPD is therefore 
even more importam in the daily clinical setting, and we 
should emphasise that cessation of smoking is still the only 
intervention with proven long-tcnn efficacy of FEV, 
decline in COPD." In addition, this differentia] effect of a 
potent anti-inflammatoiy drug questions the "Dutch 
hypoihesis", which states that airway byper-responshreness 
and atopy are maifcers of a basic distuibanoe or 
constitution predisposing to the development of COPP."^ 
This hypothesis may simplify the picture of obstructive 
airway cfisease by counting asthma and COPD togedier. 
However» the l^ypothesis has gained much 8iq>pon from 
longitudinal studies that show a significant effect of airway 
hyper-iesponsiveness on subsequent FEV, decline and 
symptoms.^' In asthma, inhaled corticosteroids have a 
well-knbwn effect on brondiial hyper-responshreness and 
an almost impUdt feature of the Dutch l^pothesis is that 
inhaled drugs with anti-inflammatory properties should 
have an effect on the natural course of COPD, Our study 
is, however, limited in that we have no data on airway 
hypei^responsiveness for more detailed analysis of this 
issue. 

Our study did not find an effect of long-term treatment 
with inhaled corticosteroids on decline in lung function in 
patients with mild lo moderate irreversible airflow 
obstruction identified from screening a large random 
population sample. Comparison of these results with 
findings from other long-term clinical trials, soon to be 
published elsewhere, will enable us to assess whether 
inhaled corticosterdds have a part to play in COPD. 
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